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Art. XXXV.—On Photographs of the Spectrum of the Nebula 
in Orion ; by Henry DRAPER, M.D.* 


For about eighteen months I have been giving attention to 
the Nebula in Orion with two objects in view, first to ascertain 
whether any changes are taking place in that body by making 
a series of photographs to be compared in the future with a 
similar series; and second, to photograph the spectrum of the 
Nebula in various parts so as to see whether any new lines 
could be found, and also whether the composition is uniform 
throughout. 

As to the first of these objects I have recentiy succeeded in 
taking a very fine and extensive photograph of the Nebula 
containing most of the delicate outlying parts which were not 
in my earlier photographs. This is in the hands of the photo- 
lithographer now and will shortly be published. The experi- 
ments have been very difficult because an exposure of more 
than two hours in the telescope has been necessary, and an 
exceedingly minute motion of the stars relative to the sensi- 
tive plate will become apparent on account of the high magni- 
fying power (180), employed. 

In carrying out the second object two contrivances have 
been used ; first, a direct vision prism in the cone of rays from 
the objective before they had reached a focus, and second the 
two-prism spectroscope with which I have taken photographs 
of stellar spectra for some years past. 

* Read before the National Academy of Sciences, April, 1882, at Washington. 

Am. Jour. Sc1.—Tuirp Series, Vou, XXIII, No. 187.—May, 1882, 
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During the month of March I have made two good photo- 
graphs with each of these arrangements. Those with the 
direct vision prism, without a slit, have of course demanded 
that the image should be kept stationary on the sensitive plate 
throughout the exposure, viz:, two hours, and they are as diffi- 
cult to get as good photographs of the nebula itself. On the 
contrary, those obtained with the slit spectroscope do not re- 
quire the same steadfast attention. 

The results derived from these photographs are interesting 
partly from what they show and partly from what they promise 
in the future. A number of photographs, under various con- 
ditions, will be needed for the full elucidation of the subject. 

The most striking feature is perhaps the discovery of two 
condensed portions of the nebula just preceding the trapezium, 
which give a continuous spectrum. At those places there is 
either gas under great pressure or liquid or solid. I have not 
been able to detect any stars of sufficient magnitude in these 
portions to produce this effect either in my photog raphs of the 
nebula or in any of the well known drawings of this object. 
It seems to me also that the photographs show evidence of con- 
tinuous spectrum in other parts of the nebula. In these 
respects the conclusions arrived at by Lord Rosse in his 
memoir (Phil. Trans. Royal Society, June 20, 1867, page 70), 
are to a certain extent borne out. 

The hydrogen line near G, wave-length 4340, is strong and 
sharply defined ; that at A, wave-length 4101, is more delicate, 
and there are faint traces of other lines in the violet. Among 
these lines there is one point of difference, especially well 
shown ina photograph where the slit was pl: aced in a north 
and south direction across the trapezium; the Hy line, 4 4840, 
is of the same length as the slit and where it intersects the 
spectrum of the trapezium stars a duplication of effect is visi 
ble. If this is not due to flickering motion in the atmosphere 
it would indicate that hydrogen gas was present even between 
the eye and the trapezium. I think the same is true of the 
Hé line, 44101. But in the case of two other faint lines in 
this vicinity I think the lines are not of the length of the slit, 
one being quite short and the other discontinuous. If this 
observation should be confirmed by future photographs of 
greater strength it might point to a non-homogenevus constitu- 
tion of the nebula though differences of intrinsic brightness 
would require to be eliminated. 

The April number of the American Journal of Science con- 
tains an account of a photograph of the spectrum of this neb- 
ula taken by Dr. Huggins. I have not found the line at 
A 3730, of which he speaks, though [ have other lines which 
he does not appear to have photographed. This may be due 
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to the fact that he had placed his slit on a different region of 
the nebula or to his employment of a retlector and Iceland spar 
prism, or to the use of a different sensitive preparation. 
Nevertheless, my reference spectrum extends beyond the 
region in question. 

As illustrating the delicacy of working required in this re- 
search it may be mentioned that in one of these photographs 
the spectrum of a star of the tenth magnitude is easily dis- 
cerned. It is only a short time since it was considered a feat 
to get the image of a ninth magnitude star, and now the light 
of a star of one magnitude less may be photographed even 
when dispersed into a spectrum. 

271 Madison avenue, New York. 


Art. XX XVL—Mean Annual Rain-fall jor difjerent Countries of 
the Globe; by Dr. ALEXANDER WokrtKor of St. Petersburg, 
Russia. 


Proressor K. Loomis having published in this Journal a 
paper on the rain-fall of the world (Contributions to Meteor- 
ology, paper xvi), inviting meteorologists to give supplementary 
information on this subject, I readily accept this invitation, 
having myself given much attention to the subject. | must 
remark first on the exceeding inaccuracy of the geographical 
delineations used on the map, (mountains, lakes, rivers, ete.,) 
an inaceuracy which, however, certainly did not mislead Pro- 
fessor Loomis, when he was drawing his lines of equal rain- 
fall for countries where observations are wanting, and where 
the geographical configuration and notices of travelers are the 
only objects which give a basis to the hypotheses. I will give 
only examples in relation to Africa and Asia. On the first 
continent not only are none of the equatorial lakes given, but 
even no mountains in Abyssinia, while we find * Donga Moun- 
tains,’ between 4°-6° N. and 20°-30° E., which have no exis- 
tence. In Asia the Stanovoi watershed between the systems 
of the Lena and Amur is given as if it was a high mountain 
chain; the same is to be said of the slope of the Mongolian 
plateau north of Pekin, while between 25°—40° N. and 96°-110° 
K., no mountains are shown, while this region comprises West 
China, Kukunor and Eastern hibet, and has some of the 
highest chains of Asia. 

[ come now to Professor Loomis’s work in Europe. ‘The 
shades are mostly right, except— 

1. Sicily, which has, in its greatest part less than 25”, 

2. Portugal, where the author cites the old and erroneous 


342 Wor M an A ni ual Rainfall. 


figures for Coimbra, while Professor Hann has some years 
ago proved, by the results of the new observations, that it has 
a rain-fall not much above that of Lisbon. 

3. Scandinavia, where the fall above 50” is restricted toa 
few exceptional places, near high mountains of West Norway, 
like Bergen and Floroé. Even Christiansund has much less. 
Eastern Norway and the interior valleys (Christiania, Dovre) 
have less than 25”. 

In what concerns Kuropean Russia, the shading is perfectly 
right, as I have found by a new and more extensive collection 
of data. The frontier of the fall of more and less than 10” is 
also in the main right, except in the vicinity of Orenburg, 
where it should be drawn somewhat more to the south. 

In Asia, north of the Tropics, there is more tochange. Thus 
the zone of less than 10” in the Arabo-Caspian steppes and 
vicinity is too large in Professor Loomis’s map. It does not 
stretch so far to the north and northeast, and certainly does 
not reach to the foot of the Altai, where the rains of summer 
and the snows of winter are rather abundant. On the east 
coast of the Caspian, Krasnovodsk (40° N.) has also more 
than 10”. 

There is a great rain-fall on the south shore of the Caspian, 
as well as on the south part of the western shore: on the latter 
Professor Loomis has the station of Lenkoran 51°7”. 

The country about Lake Balkash and the upper Irtysh is 
very dry, it being really a continuation of the Arabo-Caspian 
steppes, there being a broad gap in the mountains. The dry 
region in Mongolia and Eastern Turkestan must be extended 
westward so as to include Yarkand and Kashgar; on the north, 
on the contrary, it does not extend as far as shown by Professor 
Loomis, Kiakta and Ourga having more than 10’. The good 
pasture and forest in this region prove that the two latter sta- 
tions are not exceptional. I should rather include most of the 
basin of the Yang-tze and eastern Indo-China in the region 
having more than 50’, though I have no observations to prove 
my case. But the known humidity of the region, the luxuri- 
ous vegetation, the immense floods of the rivers* corroborate 
my opinion. Eastern Java seems to have less than 75”, as is 
seen by the 54 years of Surabaya and 2 years, 1879-80. It 
would be safe to give 50-75” to the islands east of Java so far 
as Sumbawa, and a shade less to Flores and Timor, while 
Banca, Billiton and the Moluccas and Southern Philippines 
have probably over 75”. 

As to British India, Professor Loomis has made a good use 
of the numerous observations there. 


* See EF. L. Oxenham, Inundations of the Yang-tze-Kiange, in Jour, Roy. Geogr. 
Soe., 1875, p. 170 
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In Western Asia the region of 10’—25” is probably in closer 
proximity to mountains than shown in Professor Loomis’s map, 
extending far to Shiras along the mountains of southern Persia, 
and not so far to the south in southeast Syria and Mesopotamia. 
In Arabia a closer approximation of the rainy regions to the 
mountains is also what must be the case. 

As to Africa, Professor Loomis has made good use of the obser- 
vations and general information of travelers, with the exception 
of Abyssinia, which has certainly more rain than indicated by 
him. That North America north of the Tropic is accurately 
represented by Professor Loomis is easily understood. I would 
only ask, is it not probable that Northern Canada from about 
50° N. lat. is less rainy than supposed by Professor Loomis, so 
that the more abundant rain of the coast of Labrador would 
be caused by its position relatively to the sea and mountains? 

As to Central America, the dark shade given to Yucatan is 
rather doubtful. The short period of rain, the absence of 
mountains and the rather scanty vegetation, at least of Northern 
and Western Yucatan would rather point to less rain, though 
the porous nature of the limestone absorbs much water. So 
far as I could see and Jearn, Tehuantepec and Northern Yucatan 
inust have about the same quantity of rain. 

As to the Pacific coast, from about Tonala to Panama it 
must have above 50”. A few observations made in Nicaragua 
give a large amount of rain, and Nicaragua is certainly less 
rainy than the coast of Soconusco about Tapachula and Guate- 
mala. The city of Guatemala has a little less than 50”, but 
the plateau on which it is situated is generally dryer. 

Tropical South America, at least its interior, is the part of 
Professor Loomis’s map which is least accurate. I am at a loss 
to know on what account the Amazonian country is supposed 
to have less rain than the dry “Ilanos” of Venezuela to the 
north of it. I consider it probable, that from the north coast 
to 15° S. lat., the only parts east of the Andes, where there 
is less than 50” rain, are the Ilanos of Venezuela and perhaps 
part of the Magdalena basin. On or near the Amazon, we 
have Para, Manaos and Iquitos, which give more than 50”. 
The latter is especially interesting. The distance from the 
Andes is more than 200 miles, from the Atlantic more than 
1000, the country perfectly level, and yet there are 111°8” rain. 
Generally it is mentioned by travelers, that to the south of the 
Amazon the rains are less heavy, and yet San Antonio on 
the Madeira has 91°3”. 

As to the west coast, the region of more than 75” extends 
certainly to the equator, the provinces of Esmeraldas and 
Choco being described as exceedingly rainy. Farther to the 
south I would object to giving to Chiloe and the adjacent coast 
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less rain than to Concepcion and Valdivia. Professor Loomis 
probably made use of the observations at Ancud, Chiloe, and 
seeing that this place had less rain than Valdivia and Puerto 
Montt, took it as generally admissible for the latitudes above 
41° S. on the west coast. But Ancud is protected by a rocky 
promontory on the west, that is, the wind and rain side, while 
the other two stations are open to the west. 

In the LaPlata States the interior is very dry, only the eastern 
slopes of the mountains and their vicinity have more rain. Now 
all the interior stations from which we have rain observations, 
are so situated, and all except Mendoza give much more rain 
than would be the average of more evenly distributed stations. 
We know that westward from the stations of Cordoba, Tuen- 
man, Salta are the States of Catamarca, Jujuy, San Luis, which 
are so dry that even good pasturage is scarce. It would thus 
be safe to extend the region with less than 10” much to the 
eastward, and that of 10’—25” also. 

As to Australia, the region of 25'-50" in the north of the 
Continent probably extends along the coast somewhat to the 
southwest from the position given it by Professor Loomis. As 
to that of less than 10” there is no reason why we should admit 
that it is so very restricted in the interior as in Professor 
Loomis’ map. We have no observations from an extensive 
district, but what we know of the dryness of the interior allows 
us to make this very probable supposition. 

On the whole, Professor Loomis’s work is certainly a good 
one, but on account of what I have mentioned above, a revised 
edition of the map is yet desirable. 

I would besides draw attention to some perplexing and 
erroneous designations of the countries and regions in which 
are situated some of the stations mentioned by Professor 
Loomis. I give here some of them, with the corresponding num- 
bers of Professor Loomis’s table. 

254 Ragusa, Kuropean Turkey. Is situated in the Austrian 
province of Dalmatia. 

363 Ajansk, Russia. Asx other places in Siberia are cited as 
such, it would be better to mention Ajan, the exact name, as 
being in Eastern Siberia. ‘The same applies to 524 Nertschinsk, 
522 Irkuzk; 646 Ajuchta, 510 Hnisse/sk; while 512 Tobolsk, 516 
Tomsk, 517 [sehim, 519 Omsk: 520 Isalarr (Salair), 648 Barnaoul, 
644 Akmolinsk are situated in Western Siberia. 

521 Nikolaiewsk, 525 Blagowestcheuck, Chabarawhka, aZs 
Vladivostok are placed by Professor Loomis in China, while 
they are in Kastern Siberia (in the Amur and Littoral prov- 
inces). 

The appellation Tartary applied to 529 Tashkent, and 647 
Irgis is wanting in precision. If it is meant for the Kirghiz 
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steppes, Russian Central Asia and the Khanates of Khiva and 
Bokhara, then the following stations should also be included 
in it: 649 Raimsk, 650 Fort N. 1, 652 Novo Petrovsk, 653 
Nakust Mekuss, 654 Petro-Alexandrovsh. 

[ give below some data about rain-fall, especially in relation 
to countries which, in my opinion, are not correctly represented 
in Professor Loomis’s map. 


Ht. No. of Rain. Authority. 


James aces at.* ong.* 
Names of Places. Lat. Long met'rs Years | Inch’s. 


Manaos, Brazil 3 = 37 1 2+ 
Iquitos, Peru -3 87, 95 1 {1118 
S. Antonio, Madeira, Brazil) — | Zeitschr., v. 15, p. 
Pernambueo, Brazil -§ 4 34 5% : 84 |Zeitschr., v. 14, p. 
Surabaya, : 2 ae *T |Zeitschr., v. 8, p. 
Passcercean, 
Probolingo, Kastern 
Besceki, Java. 

Banjoewang. —813 : 

Amboina, 
Banda, 
Urga, N. Mongolia 4755 | 103 10°13 
Kiakhta, } | 106 

Irkutsk, { 104 
Jarnaul, 83 


Zeitschr. v. 8, p. 


) 2 |190°50 
Moluccas 439/129 5: 2 |135°77 


S. E. Siberia 


wwe 


Siberia | 50 2 80 


85 


Semipolatinsk, 
Salair (Altai), 
Vladikavkas, N. Caucasus} 4 15: 
Stavropol 
Poti, 
Suchum-Kale, 


| 

Akmolinsk, W. 77 


Met. Annalen 


Novorossissa, 
Sevastopol, Crimea 
Christiania, hg 
Sandosund, 
Christiansund, W. & 
\alesund, | A ‘ 
Catania (E.). S72 5 3 
Syracuse (E.), 5.17 
Palermo (N.), 3.19 
Sciacca (S. W.). 372 3 5 
Oporto, Portugal | -8 36 


\ Zeitechr. v. 4, p.508 


De 


H Klima der Mittel- 
meerlander 
Gotha, 1879 


25 


Coimbra, Portugal 
10 | 20 


Lissabon. Portugal 


* The sign — stands for lat. 8. and long. W. 
+ The observations were continued only ten months and gave 49°9’’, the two 
remaining, July and August are interpolated. 
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7| 346] 4 | 13°0 | 
8 | 34-04! 
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50°51 
Dachovsky-Possad | Trans 43 34| 329 42 | 
15°37] | 
21°18) 
23°01 
33°18 
45°53 
| 1827] 
"| 23-97 | Fischer, 
22°26 
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| 28°80 | 
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Art. XXX VII.—Notes on Physiological Optics - No. IV: by 
W. STEVENS. 


1 Ox Voruntrary Conrror or ACCOMMODATION, 


Ix my last paper the visual effect of associated muscular 
action of the two eyes was discussed, the investigation having 
led to the discovery of a new mode of stereoscopy. Experi- 
ments have also been made on the effect of muscular action in 
a single eye. 

If the axial adjustment and visual angle be kept as nearly as 
possible unchanged while the gaze is directed oy age « luminous 
surface, such as the globe of a gas lamp, it is very easy to 
throw the crystalline ‘lens of each eye out of focus, accommo- 
dating for a nearer point, so that the object appears blurred in 
consequence of the production of diffusion circles on the reti- 
nas. I find it possible in this way to exercise extreme contrac- 
tion of the ciliary muscle at will. It is impossible to avoid 
slight associated contraction of the internal rectus muscles, but 
this may be controlled to such an extent that the only effect 
noticeable is unsteadiness of one eye, while the other is directed 
to some preyiously clearly detined object. The effect is first 
an encroachment of diffusion cireles upon the surrounding reti- 
nal area as well as upon the image itself, producing dimness of 
vision and hence apparent enlargeme ut of the object which is 
necessarily ill-defined. Butas the ciliary contraction increases, 
the object apparently diminishes in size to a marked extent, some- 
times almost to half its previous area, while the halo due to diffu- 
sion circles does not widen, but on the contrary grows narrower. 
This is due to the contraction of the pupil, the effect being that 
of using a new stop in front of the lens, as it thickens and ac- 
quires more “depth of focus,’ while its theoretic focal Jength 
is less. The pupillary contraction can be noted by an assistant 
and approximate measures be made of the change in diameter 
of the opening. This pupillary change very quickly follows 
the contraction of the ciliary muscle. The area of my pupil 
has thus been repeatedly diminished, within two seconds of 
time, from 12 sq. mm. to 12 sq.mm. The estimated distance 
of the object is very uncertain. It may be judged nearer be- 
cause of the sense of muscular contraction, or more remote. 
because of the dimness due to imperfect focalization. The 
only perfectly clear perception therefore, is that of marked de- 
decrease in urea, far greater than can be referred to mere 
encoachment of diffusion circles. ‘lhe distance between retina 
and lens remains sensibly constant, hence the perception is a1 
ilusion due mainly to abnormal muscular conditions. 
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Since in normal vision the contractions of the ciliary and in- 
ternal rectus muscles are associated, the considerations just 
expressed show why so acute an observer as Wheatstone 
should have noticed the apparent decrease in size of the binoc- 
ular image when strong convergence of visual lines was induced 
by pulling forward the arms of his reflecting stereoscope,* but 
failed to note the corresponding variation in apparent distance, 
though he observes that the image seems changed in position, 
but does not say whether the change is that of increase or de- 
crease in distance. 


2, Errect ok Muscuiar Errorr ON RETINAL SENSITIVENESS. 


The estimation of size and distance, when there is strong, 
muscular effort, depends in some measure upon the part of the 
retina on which the image is formed, variations being more 
noticeable when the central part is impressed. In a former 
papert I briefly noted the following experiment with Wheat- 
stone’s stereoscope. Let A and A’ (fig. 1), be a pair of conju- 
vate pictures adjusted so that the reflected rays, m¢ and m’v’, 
are sensibly parallel. If the visual lines of the eyes receiving 
these rays coincide with them, the image appears in front, com- 
bined in full relief, with apparent diameter and. distance slightly 
magnified, the contraction of the internal rectus muscles being 
less than normal. Let the visual lines now be forcibly crossed. 
The retinal images, ¢ and v’, are no longer upon corresponding 


retinal points; the external projections of them hence appear 
separate and without relief. For the subjective binocular eye 
(fig. 2) the two visual lines are combined into the median line 
cM. By indirect vision, the image of A appears on the right of 
the median, and that of A’ on the left, each diminished in size on 
account of the disturbance of ordinary retinal sensation by strong 
musenlar contraction. This apparent diminution is greater than 
* Plulosophical Magazine, 1852, p. 508. ¢ This Journal, Dec., 1881, p. 400. 
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can be explained by encroachment of diffusion circles at the 
edge of the retinal image, or on the supposition that the antero- 
posterior diameter of the eyeball has been slightly diminished 
by pressure on opposite sides of its elastic sclerotic coat. For 
reasons already given, the apparent distance is not very deter- 
minate. Without ch: inging the convergence, let the eyes be 
rolled to the left until A’ is seen with the left eye in the direc- 
tion of its visual lines. The image of <A, seen still more ob- 
liquely, now appears slightly larger and dimmer, while A’ is 
still smaller. ‘The apparent variation in size is thus independ- 
ent of binocular combination. 


In such experiments one great advantage attained by using 
Wheatstone’s stereoscope is, that by keeping the plane of each 
picture perpendicular to the arm that carries it, any distortion 
of perspective that might be due to changing the direction of 
the visual lines is reduced toa minimum. Making allowance 
for such disturbance, the visual effects just described may be 


gem 


obtained by means of fig. 3. <A pair of circles, 2° or 3™ in 
diameter are drawn 8™ or 10™ apart, their centers, A nad A’, 
being similarly marked. Below A’ is another circle A’’, equal 
in size. By cross-vision the images of A and A’ are combined, 
forming a diminished ellipse, each circle being seen obliquely : 
the minor axis is parallel to the interocular line. The monoc- 
ular images on the two sides are sensibly circular, and larger 
than the central image, but smaller than either given circle as 
seen by normal vision. Eventhough distinct vision be attained 
under these conditions, the ciliary muscles are in a state of 
strong involuntary contraction. On closing one eye, these 
muscles become relaxed, while the direction of the visual line 
for the eye remaining open is easily kept unchanged. The 
elliptic image then apparently recedes, and in doing so it grows 
larger; but an interval of one or two seconds may elapse be- 
fore normal monocular vision is restored. This process can be 
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reversed and made as gradual as is desired by slowly increas- 
ing the convergence of visual lines and carrying it beyond the 
point necessary for mere binocular combination. If the pair 
of circles just mentioned be employed, as soon as double vision 
is produced, the two interior images are perceived to be smaller 
than the others. They continue to grow smaller and appar- 
ently nearer to the observer until they coincide in the middle, 
and the diminution continues after they have been made to 
pass each other. In fig. 3, these phenomena may be noticed if 
the reader will combine the images by cross vision, placing the 
face as near as possible to the page. The angle of convergence 
should be at least 60°. The elliptic monocular image of A” is 
perceived as suspended in mid-air. Its apparent position is not 
quite so nearly determinate as that of the binocular image 
above it, but it appears about as small and near. The left eve 
image, seen by indirect vision, has a much greater appar- 
ent area than the right eye image seen by direct vision. 

In connection with the phenomena of optic divergence, 
this series of experiments proves that not only is converg- 
gence of visual lines not necessary for binocular vision 
and for the localization of objects in the field of view, but bi- 
nocular vision itself is not necessary for the production of change 
in such localization. The mental impression received from the 
binocular image is clearer and the resulting judgment is much 
more definite, but no geometric method of determining the place 
of the external image is capable of covering the facts. 

The experiments described indicate a closer connection be- 
tween the nerves of the ciliary muscle and those of the retina 
than has been commonly supposed. Through the sympathetic 
system of nerves the mere action of light on the retina excites 
reflex muscular contraction of the iris. Without the agency of 
light, this may be effected by ciliary contraction alone, which is 
always accompanied with diminution in size of the pupil. It 
is by no means impossible that, through the sympathetic sys- 
tem, ciliary contraction should modify also the impression 
conveyed to the brain from the retina, while the size of the 
actual retinal image is unchanged. The interpretation is 
dependent upon the excitement of several different nerves: the 
thing interpreted is the product of forces from without that 
operate in accordance with well known mathematical laws. 
Helmholtz has determined approximately the velocity of prop- 
agation of a nerve impression, but bevond this there has been 
little success in bringing the physiology of sensation within the 
domain of mathematical law. 


| 


W. Le Clon he VOWS Physiological Optics. 


3. Retatrion or Axtan AbJsusTMENT TO FocaL ACCOMMODATION, 


The focal and axial adjustments of the eyes being necessarily 
dissociated to some extent, if clear vision is had with the stereo- 
scope, but this dissociation being abnormal, it follows that the 
‘ange of focal accommodation possible for a given pair of eves 
should not be the same for different values of the optic angle. To 
ascertain the degree of disturbance thus induced, a series of 
measurements has been made with the assistance of Dr. J. H. 
Shorter, of the New York Eye and Kar Infirmary. In the pre- 
liminary examination it was found that at the distance of 9™ it 
was possible to read Snellen’s test-type intended for average 
vision at 6". By the usual formula, therefore, my acuity of 
vision is 3. With visual lines approximately parallel, there 
is hyperopia to an extent not exceeding — dioptric.* This is 
‘apable of correction, therefore, with a bi-convex lens whose 
focal length is 1". But when the visual lines are diverged 5°, 
latent hyperopia to the extent of nearly one dioptric more is 
revealed by the use of appropriate test-lenses, while the near- 
point of distinct vision is found, by means of test-type, to 
have receded proportionally. This fact could not well have 
been ascertained otherwise, except by the use of atropine, with 
its well known disagreeable consequences. The experiment 
shows that, in the present case at least, full relaxation of the 
ciliary muscles is not attained by making the visual lines 
parallel. For emmetropic eyes it is usually assumed that 
the passive condition is that of parallelism. beng theory of 
negative accommodation advanced by Von Graefet and Weber 
has not been generally accepted. 

In experimenting upon range of accommodation I employed 
a pur of narrow ecards on which were vertically printed similar 
specime ns of test-type, a to be read with average acuity 
of vision at the distance of 67°. On a large sheet of paper, 
covering a table, a median Rise was drawn, terminating at the 
edge in front of the mid-point between the eves. Making due 
allowance for the distance of these from the edge, pairs of lines 
were drawn, along which the visual lines could be directed at 
will. Upon them the cards were placed so that binocular fusion 
of images could be secured for fixed values of the optic angle, 
to which the directions of the lines had bee adapted. Along 
these the cards were made to recede and approach until the 
farthest and nearest points were found at which distinet binocu- 
lar vision was possible. myself being kept ignorant of the record 
taken until the whole series of measurements had been completed. 


* For dioptric system of measuring the refraction of the eye, see Carter 
Eyesight, pp. 43-47; Macmillan, 1880 
| Soelburg Wells, Diseases of the Kye pleton, 1881 
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The result is shown in the upper and Jower curves of fig. 4, in 
which distances are expressed in centimeters, for successive 
values of the optic angle, taken as abscissas: RR’ is the curve 
of far-points, PP’ that of near-points, and DD’ that of distances 
of the optic vertex determined by the intersection of visual 
lines. The latter curve crosses PP’ near the point correspond- 
ing to a = 25°, showing that, for values of the optic angle 
greater than this, distinct vision of an object as near as the 
optic vertex is impossible. This limiting value of the optic 
angle becomes still smaller with increasing age. The range of 
available accommodation in the present case is seen to be great- 
est when 4 = 3°30’. This is about the angle enclosed by the 
visual lines when a single point is seen at the distance of 1". 


At a = —5°, the increased dilatation of the pupils, which accom- 
panies relaxation of the ciliary muscles, reduces acuity of 
vision slightly, while the corresponding flattening of the erystal- 
line lens causes recession of the near-point. The available accom- 
modation is hence diminished, while the total accommodation re- 
mains unchanged, the portion lost by hyperopia being thus not 
available when convex glasses are not used. As the optic angle 
increases beyond 38° 30’, the distance of the far-point rapidly di- 
minishes, so that, at 2 = 60°, more than three dioptries of tempo- 
rary myopia have been induced. It was found that ata = 4°, the 
weakest convex lens impaired vision; this amount of conver- 
gence is hence sufficient to completely mask my hyperopia, 
stronger convergence much more than masks it, parallelism 
makes it manifest, while divergence reveals that which is latent 
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and not otherwise discoverable except by temporarily paral- 
yzing the ciliary muscle. 


4. ReLarion or Area tro 


Pupillary change usually ace companies change of accommoda- 
tion, though not an exact index of it. During the recent ex- 
periments measurements were made of the diameter of the pupil, 
the intensity of the light being kept as nearly constant as pos- 
sible. When axial convergence takes place, the objects being 
us far as can be in dis tinetly, the pupils first contract, then 
relax perceptibly, but do not recover their previous size even 
after binocular vision seems perfectly distinct. When axial di- 
vergence takes place, the objects being near, the pupils dilate no- 
ticeably, and then diminish very shghtly. From the following 
table of measurements it is seen, on comparison with the curves 
of fig. +, that for the near-point, when @ = —5°, the pupil is 
larger than for the far-point when 4 = +3° 30’. If a exceed 
45° there is no perceptible variation of the pupil when far- 
point and near-point are successively regarded. 

Pupillary ¢ 


Optic angle, 


60 


Maximum area, 2-4 
Minimum area, i 


1°2 


For a given value of the optic angle it is quite probable that 
pupillary variation is proportional to change of ciliary contrac- 
tion; but the table shows that it is much limited by associa- 
tion with variation of contraction in the rectus muscles. The 
dissociation between focal and axial adjustments is but rarely 
complete when the convergence is strong. If diffusion circles 
on the retina are very small, while the image is bright, we 
easily fail to notice them, and it is not easy to determine when 
perfect distinctness of vision passes into slight indistinctness. 
The range of perfect accommodation is doubtless much nar- 
rower even than is indicated in the curves of fig. 4, granting 
that the observer's eye is perfectly free from such Cefects as 
would produce permanent error of refraction. Since the size 
of diffusion cireles depends upon the area of the pupillary 
opening as well as upon error of refraction, permanent or tem- 
porary, and since distinctness of focalization is indispensable to 
success in binocular vision, either with or without the stereo- 
scope, the bearing of these experiments upon the theory of 
binocular perspective is obvious. Though many of them are 
straining, they are performed to some extent, more or less un- 
consciously, by every one who uses a stereoscope that is ill- 
adapted to his eyes and stereographs that are improperly 
mounted, 
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THe Operation or THE Writ In Vision. 


In reference to the operation of the will upon the muscles of 
the eyes, Helmholtz states that we are limited to eflorts for the 
attainment of single and distinct vision. The French edition 
of his great work on Physiological Optics received the last 
corrections of the author, and from this the following quota- 
tions must be made: 

“Tl faut remarquer en général que, dans toutes Jes mouve- 
ments volontaires, notre volonté ne tend jamais qu’a atteindre 
un résultat extériear nettement déterminé et perceptible par 
lui-méme.”—Opt. Phys., p. 613. 

“Tl résulte de ces faits que la relation qui existe entre les 
mouvements des deux yeux nest pas commandée par’ un 
mécanisme anatomique, mais qu’elle se modifie, au contraire, 
sous l’influence de notre volonté: la seule limite réside dans 
le fonetionnement de notre volonté que nous ne savons pas 
appliquer a un but autre que celui de voir les objects simples 
et nettement.’— Opt. Phys., p. 617. 

The experiments just described show that the will may be 
directed to the attainment of other ends than single and dis- 
tinct vision. Although not affected with any paralysis or 
other weakness of the muscles of the eyes, and hence never 
troubled with involuntary double vision, I find it quite possi- 
ble at any time to converge or diverge the visual lines without 
using any external points of fixation, thus securing two sepa- 
rafe monocular images of a given object, keeping these appar- 
ently separated at any desired angle within certain limits, and 
fixing the attention alternately apon either image separately, 
at pleasure. A door knob, for example, may be distinctly 
seen double by diverging the visual lines a few degrees, ancl 
either separate image may be thus examined. Discarding the 
se of one eye, this extern: ally projected image may be varied 
at will, in sharpness of definition, apparent size, and apparent 
distance, by strong voluntary ciliary contraction. This power 
was of course never suspected until revealed by special exper- 
iment; but there is no reason to suppose that it is not pos 
sessed by most others whose eyes are healthy. 


6. Brnocutar Viston AND Binaural AUDITION, 


The discoveries in reference to binaural audition, made during 
the last few years independently by Professor Silvanus Thomp - 
son,* of England, and Professor A. M. Mayer, of this country, are 
interesting, not only as additions to our knowledge of physio- 
logical acoustics, but also in relation to the pher romena of 


* Philosophical Magazine, Oct.. 1877, Nov., 1878, and Novy, 1881, 


{ 
fl 


W. Conte Ntere Ws Physiological Optics, 


physiological perspective. The localization of sounds has been 
found to be much affected by the mode in which the waves 
are conveyed to the separate ears. The same tone may be 
perceived as if produced at the back of the head, or from the 
two sides, or from a point obliquely in front, while the position 
of the true external source is unchanged, the perception being 
involuntary while the conditions are adjusted at will. The 
judgment of distance by the ear is far more uncertain than by 
the eye, there being no other criterion than the degree of 
energy of the vibrations which give rise to sensation; but the 
perception of direction may be modified by imposing special 
conditions, such as fatiguing one ear with agiven tone and 
then listening to the same with both ears. For a fixed posi- 
tion of the eye, the perception of direction may be modified at 
will by methods already described, or by pressing upon the 
eyeball, while that of distance is also subject to variable condi- 
tions. Although the binaural estimate of direction and dis- 
tance may be made less uncertain by properly adjusting the 
position of the head to the wave front, or, as in the case of the 
lower animals, by directing the two ears at will toward the 
source of sound, no one has attempted to apply geometry to 
the binaural localization of sounds. Its application to binocu- 
lar vision is now found to be wholly unreliable in the very 
department for which it was deemed most satisfactory, that of 
stereoscopic perspective. 


7. Errecr or Exrertrence 


Assuming that foealization is distinct, the position of the 
external focus, conjugate to that on the retina, is caleulable, 
but for distances exceeding a few metres the variation in thick- 
ness of the crystalline lens becomes so slight that as an element 
in forming judgments of distance it may be practically dis- 
carded. We are justified in saying therefore that there is gen- 
erally no recognizable relation between the character of a reti- 
nal image and the distance of the object pictured, any more 
than between the composition of a sound image and the posi- 
tion of its external source, except so far as personal experience 
serves to establish it. Experience, both visual and auditory, 
begins in infancy, long before the power to analyze sensations 
is developed, and in putting an interpretation upon these, asso- 
ciation is the chief determinant. Strong contraction in the cil- 
iary and internal rectus muscles is unconsciously associated 
with nearness of the point of fixation, and this is pictured upon 
the yellow spot of the retina. No one whose eyes are healthy 
has any conscicusness cf possessing any retina except in rela- 
tion to external objects, or any tympanum except in relation to 
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aerial disturbances, or any ciliary or rectus muscles except in 
relation to variation in position of the point on which attention 
is fixed through the medium of retinal sensation. We might 
expect therefore that unusual muscular conditions would 
“ause misinterpretation regarding the whole tield of view, but 
especially those parts which correspond to that portion of the 
retina which is most frequently impressed and most sensitive. 
Under strong muscular contraction, arousing abnormal vision, 
itis hence not remarkable that an object pictured on the cen- 
tral part of the retina should be misjudged as smaller and 
nearer than one of the same real size and distance pictured 
upon marginal portions; and that the illusion should disap- 
pear as soon as the muscles are relaxed and normal conditions 
thus restored. 

There is one psychologic aspect of the present investigation 
of which I have not been unmindful, particularly in reference 
to the effects of extreme voluntary ciliary contraction. In re- 
cording the results of even normal vision every astronomer 
applies what experience has taught him to be his personal 
equation. In the present experiments in abnormal vision, 
some of which are not easy, the personal equation cannot well 
be ascertained. While there has been given what I believe to 
be a correct account of phenomena actually observed and not 
consciously anticipated by myself, there must remain, for a 
time, an element of uncertainty, how much may be due to 
personal peculiarity and how much to qualities belonging gen- 
erally to the human eye. The most careful of observers may 
be occasionally mistaken in attributing to physical conditions 
what is really the subjective effect of unconscious expectant 
attention. The very consistency of these phenomena with the 
empirical theory of vision might cause a predisposition to cer- 
tain perceptions that might not be so successfully attained by 
one who is thoroughly committed to the opposite school of 
thought. 


8. THEORIES OF BINOCULAR PERSPECTIVE AND RELIEF. 


The reasoning already expressed suggests additionally the futil- 
ity of attempting to refer our binocular perceptions exclusively 
to any single condition such as the external intersection of vis- 
ual lines or the internal recognition of double images in one 
part of the field of view while another part is scanned, appli- 
cable as these conditions may be when considered simply as ele- 
ments that may at times enter into our interpretations. In 
their application to stereoscopy the physiological elements of 
perspective imply no contradiction to the laws of mathematical 
perspective which must be applied in constructing the stereo 

Am. Jour. Series, Vou. No, 187.—May, 1882. 
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graph. ‘The relative distances in the drawing being fixed, 
variation in muscular sensation may modify the imagined 
scale of measurement, while ratios are sensibly the same as 
before. The beautiful results attained by Professor W. B. 
Rogers* in determining the form of the binocular resultant are 
applicable to projecting lines that intersect, and not necessarily 
to visual lines, since the perception is attained when these are 
divergent. The same remark is true of Helmholtz’ admirable 
mathematical discussion+t of the stereoscope, in which he 
makes no provision for optic divergence, although elsewhere 
he refers to the possibility of stereoscopic vision by this 
method. It is but due him to state that, under the conditions 
assumed, he closes his discussion with the remark, “These con 
ditions are not always fulfilled for the photographic proofs and 
the stereoscopes of commerce. 

Associated muscular action, to which special prominence 
has been assigned in the present series of papers, is 
in like manner incapable of explaining all the phenomena of 
stereoscopy. Much stress has been laid upon it because it 
covers all the facts that have hitherto been referred to visual 
triangulation, and additionally those of optic parallelism and 
divergence, assuming that the ste reoscopic displacement on the 
card is large enough to permit the perception of double images 
in the bae keround when the foreground is viewed, and that 
the time of illumination is sufficient to allow free play of 
the eyes. The perception of stereoscopic relief is possible 
when the stereoscopic displacement is so minute that no sensi- 
ble motion of the eyes is possible and no duplication of any 
points in either foreground or background can be perceived 
with even the keenest vision. The stereograph has been re 
peatedly examined, and relief distinctly perceived, successively 
with natura! and reversed perspective, when illuminated by the 
electric spark, the duration of the retinal impression being thus 
reduced to a minute fraction of a second. Undoubtedly the 
play of the eyes often enables us to become at once sure of 
interpretations that would be enveloped in uncertainty until 
after several trials by momentary illumination. [In ordinary 
vision we rarely ever notice the duplication of images on the 
hither and farther side of the point of fixation, partly because 
the attention is apt to be confined to the point fixed, but also 
because other points are not distinetly focalized upon the reti- 
nas, and the majority of these imperfect images fal] on retinal 
parts that are not central and hence are deficient in sensitive- 
ness. 

It has been suggested} thatthe perception of relief is by 

* This Journal, II, vol. xxi, pp. 91, 173 
+ Optique Physiologique, p. 842, et seq. 
t LeCoute, Sight. p. 151; Appleton, 18381. 
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means of double ‘mages, and that the mind dnstinetively distin- 
guishes between those made by objects that are respectively 
farther and nearer than the point fixed. This last proposition 
would be hard to demonstrate experimentally, but even when 
the attention is not specially given to the double images, these 
may, and probably do, play an important part as elements in 
the unconscious formation of judgments. Again it has been 
stated* that we see vf lony and short u/stances ut the same time, 
heeause the retina has thickness and transparency, and images 
are focalized at different depths beneath its surface. Here 

gain we can neither affirm nor deny in answer, although re- 

yonizing the fact that the eryst: alline lens, being one of short 
focal length, has in consequence of spherical aberration consid- 
erable * depth of focus.” It is moreover fluorescent, irregular 
in structure, and imperfectly centred. Perfectly sharp focali- 
zation is hence impossible, as shown in the 1 radiated appear: 
ance of stars and the irradiation aboutany brilliant surface like 
that of the crescent moon. ‘These optical defects may be in 
some respects advantageous in ordinary vision. If Towler's 
theory be true, though 1 not demonstrable, it may partly explain 
the possibility of binocular combination when the differ renees 
between the two pictures are so minute that the perception of 
double images in any part of the binocular field is impossible. 
Some idea can be formed of the minuteness of the stereoscopic 
displacement actually necessary when we consider that Mr. 
Warren De la Rue succeeded in obtaining a stereograp)i of the 
sun, from which by stereoscopic vision, the ridges of the faculie 
could be perceived in sharp relief. On the stereograph of the 
moon, to which reference has been more than once made, the 
elevation of mountain ranges and solitary peaks, and even the 
inequalities of the supposed dead sea bottoms can be clearly 
seen. The crater Copernicus and the lunar Apennines stand 
forth particularly boldly, and the ridge that divides the bed of 
the heart-shaped “Sea of Serenity” can be easily waced. Any 
one who has undertaken the preparation of a stereograph with 
the pencil or pen knows how very difficult it is to avoid the 
production of roughness in the combined image at places where 
smoothness is desired. No two impressions from the same 
type ean be taken that will not present some inequalities when 
stereoscopically examined, and no two groups of type represent- 
ing the same sentence can be so accurately adjusted as not to 
betray imperfection when subjec ‘ted to this searching test. 

In what has been said of “corresponding retinal points,” no 
mathematical meaning has been assigned to this expression, and 
obviously none can be. It is genet rally thought, pe has not 
been experimentally demonstrated, bow each rod or cone on 


* Towler, The Silver Sunbeam, p. 310; K. & H. T. Authony, 1879, 
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one retina has its mate in the other, and when such a pair are 
simultaneously impressed they convey but a single impression 
to the brain. If in each eye the retinal image is so small as 
to cover but a single rod or cone, we have thus the so-called 

minimum visibile, and by calculating the retinal area corres: 
ponding to the smallest object that can be se parately seen at a 
given distance the diameter of such a retinal element has been 
estimated. ‘There are strong reasons however for doubting the 
validity of this theory of corresponding retinal points. All| 
we can affirm is that experience, acquired individually and 
probably with exceeding rapidity in consequence of inherited 
tendencies, has taught us to interpret retinal sensations that are 
slightly different in the two eyes, as the signs of an external 
object possessing three dimensions in space, when the images 
are made upon parts of the concave surfaces that bear to each 
other the mathematical relations imposed by the presence of 
such an object in normal binocular vision. Sensation is nevei 
confined to a point, or pair of points, but only to areas. If we 
grant the correspondence between smal] retinal areas, simply as 
the result of experience rather than as a truth in anatomy, 
it is not hard to understand how a pair of slightly dissimilar 
images may produce upon the brain a modified impression, even 
when no duplication in any part can be perceived. It may be 
quite possible for the quality of a retinal sensation to be modi- 
fied while the additional impression, apart from that which it 
modifies, would be imperceptible. From what we positivel) 
know regarding sensation in the ear, we are justified in apply 

ing similar reasoning tentatively to sensation in the eye. 

It is well known that v4 perfectly simple sound is produced 
by the voice, or indeed by any musical instrument; but that 
the difference in quality between two tones nominally the sam« 
from different sources is due to minute modifications upon 
sensations, corresponding to attendant waves, most of which 
are too faint to be perceived without instrumental aid. A 
well trained ear however is able to pick out some of these 
overtones, even when two different voices are singing nomi- 
nally in unison. The brain of the listener receives two sound- 
images, each complex, that approximately coalesce. By special 
attention he singles out a few musical salient points and thus 
perceives double images in the background; but the great 
majority of the attendant modifying tones are so faint and so 
inextricably mixed together that it is impossible to do more 
than perceive their resultant effect upon the fundamental about 
which they are grouped. The rich combination of all stands 
out in strong musical relief, when compared with the i impres- 
sion from either voice alone, or with the sweet but thin sound 
of the tuning fork that sings forth the same fundamental pitch. 
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This comparison relates to the combination of sensations, 
whatever may be the cause of dissimilarity among the com- 
ponents of the group. In the case of audition the modifica- 
tions imposed upon the sensation are due to combination 
among waves varying in length from a small fraction of an 
inch to many feet. The graphic representation by curves is 
an arbitrary but exceedingly convenient method of indicating 
the quality of a sensation from what we know of the physical 
character of its proximate cause, however complex this may 
be. Waves of light are far more minute than those of sound, 
and we have no evidence of sensible interference among them 
in the production of binocular vision. We have not the data 
from which a binocular image can be graphically expressed as 
a curve, and thus compared with one of the monocular com- 
ponents. But the facts that are forced upon our attention 
suggest kinship between the modes of sensation in the two 
cases. ‘The group of light images in the one eye forms a sum 
total that is different from that in the other, and the sensations 
they arouse are simultaneously conveyed to the brain. Ex- 
perience comes to our aid, and the modified resultant is in- 
stantly recognized, even though we may be unable to perceive 
separately the minute modifications which give character to 
the two main components that form it. 

I doubt therefore the anatomical theory of corresponding 
retinal points, and regard that of partially correspondent retinal 
areas aS a substitute more in accordance with observed facts. 
This correspondence moreover must be considered mérely the 
effect of association resulting from oft repeated experience, an 
association that is very quickly established, although a new- 
born infant does not seem to possess the power of single vision 
at birth. Such retinal areas should be considered as not 
sharply defined, as is shown by the phenomena of irradiation. 
A point impressed becomes the center of a minute area of dis- 
turbance, just as on the skin a point pricked with a pin is a 
center from which pain is quickly extended to an area. A 
vroup of such retinal areas are of necessity partially coales- 
cent. The absence of sharp definition on the retina is one 
condition on which stereoscopy becomes possible through the 
apparent blending of images that are really dissimilar. If the 
dissimilarity is but slight, clear relief is perceived without the 
production of any sensible duplication of images in any part 
of the binocular picture. 

In the light of these facts it is seen that the explanation of 
stereoscopy with perfectly similar figures, as given in my 
last paper,* was incomplete. It was known to be so at the 
time it was given, but my intention was to present only a geo- 


* This Journal, April, 1882, p. 297, 
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metric discussion aud reserve the remainder for a new paper. 
In performing the experiment for the first time, confusion is 
generally experienced ; after a few moments the form of the 
binocular resultant is clearly perceived, and in subsequent 
trials the perception is attained much more quickly, all parts 
of the image being sensibly equally distinct at the same mo- 
ment, if the inclination of the eards be not great. It is only 
when this inclination is considerable that play of the eyes be- 
comes necessary, and the associated exercise of the rectus 
muscles thus furnishes suggestions that are complementary to 
the modification of retinal impressions just discussed. There 
are further experiments in regard to this mode of ste reoscopy 
by momentary illumination, which | hope to make and pub- 
lish at some future time. 
New York, 40 W. 40th St., April Sd, 1s8sz, 
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trom the Vuurlernary Glacier ; bya. 12 DANA. 
[Continued from page 202. | 


THE facts, presented in the preceding part of this paper, on 
the dimensions and velocity of the flooded Connecticut appear 
to make it certain that, during the era of the great flood, the 
pitch of the Connecticut valley was very much less than it is 
now, and that a change equivalent to 1 foot a mile from the 
Sound to Springfield, and 24 feet a mile to Haverhill (and an 
undetermined distance lbeyond)—but corresponding to some 
curving plane between the extreme points—would not be too 
great to meet the requirements. 

But I have not said that the laud over the interior of New 
England was depressed to the amount inted or to any amount. 
It has been left an open question whether the change was a 
change in the sea-level or in the land-level. 

Leaving this point for discussion in another number of this 
Journal, T here take up the subject of the disappearance of the 
ice from the Connecticut valley. 


5. Thi Retreat of the Glacier. 


The rut of retreat or disappearance of the ice along the 
Connecticut valley and from the Connecticut River drainage- 
area had a relation to the amount of discharge of the flooded 
river; and the time required for the retreat a like relation to 
the amount of ice te melt. But there are various unknown 


* This curving plane would make right the heights for Middletown and Spring- 
tield on page 199, where the former is, by the assumed rate of pitch. the highe: 
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quantities connected with this subject, and only some very 
general conclusions can be looked for. 

(1.) Druinage-arca.—The present drainage-area of the Connec- 
ticut, north of Massachusetts, covers about 8,500 square miles; 
between the northern Massachusetts line and Hartford, 2,10¢ 
square miles; and between Hartford and the Sound, 450 square 
miles; making in all 11,050 square miles. The Hartford limit 
is here made to extend south of Hartford on the west, so as to 
include the whole drainage-surface of the Farmington River, 
which joins the Connecticut north of Hartford. The area cov- 
ered by the Quinnipiac River might also be added, since the 
overflows from the Connecticut River valley, at Northampton 
and south of this point, so far as they emptied into the Sound 
by a separate outlet, reached it by the Quinnipiac valley. But 
the area is not over 50 square miles. 

(2.) Amount of ice over the drainage-area.—The mean thick- 
ness of the ice in and west of the White Mountain region, judg- 
ing from the glacial scratches on the White Mountains, and on 
Mt. Mansfield of the Green Mountains, was probably about 
5,000 feet; at the sources of the Connecticut River, 75 miles 
north, on the borders of Canada, at least 6,000 feet: and to the 
south near the Massachusetts border, not far from 3,500 feet. 
The mean thickness for the whole area, 8,500 square miles in 
extent, thence deduced, is about 4,500 feet: and, if so, the whole 
amount of ice covering the drainage-area north of Massachusetts, 
at any one time before melting had made much progress, would 
have been about 7,250 cubic miles. 

Over the more southern part of the drainage-area, 2,550 
square miles in extent, the mean thickness was probably near 
2,000 feet. In this the thickness along the north shore of Long 
Island Sound is taken at 1,000 feet; and it is put at this figure 
rather than lower because the glacier continued flowing south- 
ward and eastward for at least 34 miles, it having extended 
across the Sound, and landed large bowlders, some of more than 
a hundred tons weight, with a large amount of moraine material 
(referred to the terminal moraine) on the south side and other 
parts of Long Island: and the chief part of the fall necessary 
for motion came from a northward increase in the thickness of the 
ice, the Sound being a shallow trough 20 miles or so wide. A 
slope of 0° 25’ would give a pitch of 38°39 feet per mile 
(= 1:187°5), and make the thickness along a line 34 miles 
north-northwest from the south side of Long Island, 1305 feet ; 
and one of only 0° 20’ would give a pitch of 30°72 feet per 
mile (= 1:171°8), and a thickness of 1,044°% feet.“ On the 
above assumption the amount of ice in this part of the drain- 

* In Greenland a thickness of more than 900 feet exists according te Helland, 
at the very end of the Jakobshavn glacier, this being proved by the thickness of 
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age-area at any given time would have been 965 cubic miles, 
making the total about 8,215 cubic miles. 

(3.) Sources of the Water. — Melted ice and unfrozen waters 
from the precipitation over the drainage-area were the sources 
supplying the flooded streams. 

The precipitation, to produce the snows needed for the Glacial 
era, must have been large, much larger than now. The amount 
at the present time for the part of the drainage-area north of 
Massachusetts averages 42 inches a year,and for the part south, 
46 inches; while on Mt. Washington, just east of the area, the 
annual fall is between 55 and 80 inches. In 1873, 78°56 inches 
were registered on Mt. Washington. 

In the Glacial era the conditions must have occasioned still 
more abundant precipitation. ‘I'he ocean was, in all probability, 
much warmer than now, either through the shallowing of the 
Aretie seas, which shallowing would have diminished much the 
southward currents of cold polar water, and also the extreme 
northward flow of the Gulf Stream; or in some other way. In 
addition, the border region of the continent, in these and higher 
latitudes, had not merely snow-clad heights, but ice-made 
heights, from the sea-margin to the top of the lofty ice-range. 
Moreover, the region of New England was within the more sea- 
ward portion of the icy slopes. 

The relations were consequently like those between the tropi 
‘al Indian Ocean and the seaward mountain ridges of Indha, 
though less extreme. In India, at many localities, the mean, 
annual rain-fall is 100 to 160 inches, while at three stations on 
the Ghats. in Bombay, it is over 250 inches, and at one in 
Assam, nearly 500 inches. In such facts we have seemingly 
sufficient reason for estimating the average annual rain-fall of 
the Connecticut vallev during the Glacial era to have been at 
least as high as 120 inches. The present high average on the 
isolated White Mountains is good evidence that 90 inches would 
be too small an estimate, and the more so since during the four 
months in which half of the precipitation there takes place, June, 
July, August and September, the slopes are, with small excep 
tions, free from snow Mr. Schott’s t: ible 8 (page 56) making the 
mean for the four years of observations 67°12 inches, and for the 
four months just mentioned, 38°83 inches. 

The facts make it apparent, whether the above estimate be 
precisely right or not, that the amount of precipitation was far 
greater than in any modern glacial region, And the same must 
have been true for the southern portion of the ice-slope, west ol 
New England, over which would have blown moisture-ladened 
winds from the region of the aig Mediterranean sea of the con- 
tinent; though possibly, owing to the distanoe from that sea 
and the position of the heguen hians, the annual precipitation 
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north of the Ohio may have been increased somewhat less than 
over New England. 

From the condition of Greenland,*—a semi-continent, covered 
by a continuous glacier-mass more than a thousand miles long 


* The chief sources of information with regard to the interior of Greenland are : 
(1) the exploration, in July, 1870, of Nordenskiéld over the ice for 28 miles, sixty 
miles south of Jakobshavn, near the parallel of 68° 20’, (Geol. Way. for 1872); and 
(2) that of Lieutenant J. A. D. Jensen, in 1878, with Mr. A. Kornerup as geologist, 
who started on the Frederikshaab glacier. between the parallels of 62° and 63°, 
and traveled 474 miles in an F.N.E. direction (Meddelelser om Grénland, Copen- 
hagen. 1879. Part first). 


— 


The black part, ice ; white, land; shaded. water; J. N.. Jensen’s Nunataks; D. N.. Dalager’s 
Nunataks; white lines on the black. crevasses: arrows, glacier-flow. 


Nordenskiéld saw an undulating surface of ice, white and moraineless, much 
intersected by crevasses, and furrowed hy innumerable rivers, and one * copious, 
leep and broad river between banks of blue ice,” whose banks he followed until he 
saw “the whole immense mass of water rush down a perpendicular crevasse into the 
depths below.” There was dust over portions of the surface, and with it, as detected 
by his companion, Mr. Berggren, great quantities of a minute alga, in the form ot 
threads of usually 4 or & cells, along with some Protecoceus nivalis, and, in one 
place, so much of the material lay together, (collected by streams then dried up), 
that it had become putrescent in the sun, ‘so as to emit a most unpleasant odor. 
like that of butyric acid.” Nordenskidld says that the alge tend to make rapid 
melting of the ice under the summer's sun. The height reached by Nordenskiéld 
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and several hundred wide, and leaving outside only a fringe of 
fiords and islands generally but 30 to 60 miles in width,—-we 
may derive many facts illustrating this subject. We learn from 
it that a continental glacier (1) would have crevasses of indefi 
nite number and extent, either transverse to the direction of 
motion, longitudinal, or radial, according to the bottom over 
which it moved and the attendant conditions: that (2) it would 
he covered extensively, in the warmer season at least, with fresh 


was 2,200 feet. and the me lop t tl ( fac or | vay. as deduced 
from the height, was 0° 26". eq 

Lieut. Jensen, at the limit of his nd ic Oo it if 474 miles from the foot of 
the Frederikshaab glacier. re sched clu-ter of ro ing from beneatl 
the glacier— Nunataks of the Greenlanders (J. N.. tig | heights above the 


sea ofthe four largest were severally. con ncing to 1 h. 5,623 (g), 5,184 
(4). 5,654 and 5.580 (a7), ‘ hig LOW ‘aks. whiel 
stand like islands in the sea of ice. morait f ‘ - ( arth (some of the 
stones 20 feet it 


, 
1 their dimensions) extend 


aid of the 
off for wide 


glacier. The 
ort outside ex 

pei heneath the 

stones dropping down the 

sses that were from time to 
opening (the account Says) as 

r moved on he vary- 
airectio moraines, ane 
flowing ice, duc 

ridge (of whicl 

iks are the peaks), whicl 

etions indicate, ure re- 

rhe arrows 

mol move- 

24 miles 

1 + most polished 
stones, hich appear therefore to 
lal ind not to bn 

the nunataks. The 

ive no connection 

nunatak At bis 

in diameter, and 

ce around slopes 

£900 feet to that 


borders. The gla- 
ier had a height at /, east of 1 nunatal f 5.1: t he slope of the ice- 
surface for the distance traversed average 9’, or about 75 feet per mile 


(1: 70): and it was evident that t Nov the glacier depended on this 
slope. Crevasses were numerous along the 1 insverse to the line of move- 
ment as well as longitudinal and radia! (see tine Ji the route on fig. 1): 
und fresh-water streams were common, and wa 
The largest of Jensen's nunataks consisted lv o orublende schist in bold 
flexures, with mica schist and eneiss \ Specie jaunts were col- 
lected from them by Mr. Kornerup, and amone tl e! vrasses Luzulu 
hyper borea and Cares lind. wid pre Dy isety sy) tum and Poa tricho- 
poda in scattered tults: ort yuna: tl vii fl Cerastiuim 
apinuin and Saxritraya op tito he litde blue-Howerin panula uniflora 
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water streams, ending their short career by a leap down the 
crevasses; and that such streams might often attain large size 
before making their plunge to sub-glacial depths: that (8) the 
inelting at surface and thereby the wasting of the ice would 
probably have been promoted by a wide distribution of micro- 
scopic alg: that (4) sub-glacial streams would have been nu- 
inerous and large, and that they might have kept up their flow 
even through the coldest season: that (5) sub-glacial streams. 
flowing out from beneath the discharging glacier, would have 
transported fine earth and clay, the results of glacier abrasion, 


lrom the top of the highest nunatak, Of these, the Zugula, Oxyria, Trisetum, 
Silene, and Cass/ope are among the Arctic species left on the White Mountains 
while the Sariraya is found on the Green Mountains (Asa Gray.) 

The fringe of fiords and islands along Western Greenland, 30 to 60 miles wide. 
is mostly, as figured by Dr. Rink in his Danish Greenland, outside of the great con- 
tinental glacier. The discharging ice descends into the heads of the fiords and 
thus makes the so-called glaciers; and here, under the action of the tides on the 
free end where not thick enough to lie on the bottom. great masses are broken 
oY to drift away us icebergs. This border region. in contrast with the interior 
just east of it, rises into numerous peaks of 3,000 to 4,000 feet, and, about 
Umanak-tiord, in north Greenland, there are summits of 6,000 to 7,000 feet. It 
is mostly free of ice below a level of 2,000 feet and partly so above this limit; 
vet over its higher summits there are local glaciers, Figure | shows,—in the 
part left white,—the breadth of this tiord-border north of the Frederikshaal 
glacier, and. also, the interior ice descending into some of the fiords to varying 
distances, and failing to reach others. At the south end of Greenland, the inte- 
rior ice is hardly 30 miles distant from Cape Farewell. although near 60° N. 

To aid the reader in understanding the conditions in Greenland, the following 
shavn, in 69 at Upernivik, in 72° 487N., 13°3 at Jakobshavn, 
annual range of monthly means 03 FL to 45°3 F. and at Godthaab, 118 F. to 
14-4 FL; temperature of the soil, 4 feet under ground, at Godthaab varies during 
the year between 31:5 F. (March), and 40°1 F. (September); the height above the 
sea of the snow line in Danish Greenland is about 2000 to 2200 feet 

In July, 1875, Helland, of Norway, made measurements ou the glacier in the 
Jakobshavn fiord (Om de isfyldte Fjord og de ylaciale Dannelser Nordgréuland., 
and Quart. Journ. Geol, Soc.. W877, p. 142). He determined the width to be 4,500 
meters, and the slope of the ice-surtace to be less than half a degree. Yet the rate 
of motion he tound to be, at middle, 20 meters per day; 400 to 450 meters from 

1¢ sides, 15 meters; and close by the side, 0°2 meters per day. This rate is 
15 times greater than has been observed in the Alps and needs confirmation. 
Che rate for the smaller glacier.of the fiord of Torsukatak, in 69° 50%, he made 
half less. The rapid flow of the former he attributes to the pressure of the mass 
of the interior ice 

Helland states that in his views over the interior ice from tive high peaks of 
the tiord border, betweeu 69° 107 N, and 71° 15’ N.. he saw only ice, like a great 
sea, lying at a much lower level than these peaks but rising slowly inland and 
forming an undulating sky-line. The surface of the glaciers in the fiords was 
mostly free from stones, except at the margin. At the Jakobshavn fiord the dis- 
charge of ice in July was equal to one large iceberg a day of about 16,000,000 
cubic meters. The discharge continues in the winter, as the icebergs set free 
prove, but at a slower rate. He observes also that the amount of glacier dis- 
charged as ice is far less than that which passes out as water beneath the gla- 
cier. ‘The mean amount of mud discharged by the waters flowing from 6 glaciers 
ie found to be in July and August, 1875, 727 grams in I cubic meter of water 
(or in 100,000 grams very nearly), According to the fishing lines of the Green- 
landers, the depth of the Jakobshavn fiord is about 390 meters, or L280 feet, 
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to make aqueous deposits, which might or might not be free 
from stones or bowlders. 

Dr. Rink, the Greenland explorer, and for many years, Gov- 
ernment Inspector of South Greenland, states, in his “ Danish 
Greenland,” (1877) that the sub-glacial streams which flow out 
from beneath the ice in the ice-discharging fiords, are very 
copious and sometimes violent torrents, making whirlpools a 
hundred feet in diameter as the waters escape from sub-gla- 
cial confinement; that they probably branch widely over the 
country like a regular river system; and he refers to the author- 
ity of the natives, as’ well as to the observations of explorers. 
He observes that, according to his estimate,* out of the 10 inches 
of annual precipitation—the mean amount—only 25 per cent, 
or 24 inches, are ueeded to supply the loss of ice from the dis- 
charge of icebergs : and that the rest, apart from what is lost by 
evaporation, makes up the amount of loss from melting, ind1- 
cated by the sub-glacial waters. An annual supply to this 
end of only 6 or 7 inches could not produce the largest of 
rivers.t 

From these facts we may hence assume that the great glacier 
of Kastern North America would have had 

(1) Crevasses, with only local exceptions ; 

(2) Surface streams flowing with nearly pure waters over 


nearly pure ice, suddenly becomine sub-vlacial by descending 


the crevasses; and 

(3) Sub-glacial streams as much more extensive than those 
of Greenland as the precipitation was more copious and the 
drainage-areas larger. 

If in Greenland 60 or 70 per cent of the precipitation is a 
measure of the amount of water contributed to the sub-glacial 
streams, 60 per cent. may have well been the amount in New 
England during the progress of the Glacial era; and this, with 
an annual fall of 120 inches, would have been 72 inches or 60 
inches with one of 100 inches. ‘bis estimate can hardly be 
over-large considering that tropical and warm-temperate regions 
were not far distant, and that the summers, if it were a fact that 
they were shorter than now, were proportionally hotter. 
When the glacier began its decline, the proportion of the precip- 
itation becoming sub-glacial wo:ld have gradually inereased, 
and so on to the end. And, consequently, us the amelioration 
of the climate made progress, the melting would have augmented 
in rate through the increasing warmth of the winds. The faet 
that glacial conditions tend to perpetuate themselves is well 


* Based chiefly on the flow of i ) the Jakobshavn fiord, as measured by 
Helland. 

+ Aceording to Helland, the in precipitation at Jakobshavn for the year 
between July IS73 and July 7 wa ly meches, and for the vear follow 
ing, 7 inches 
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illustrated in the present state of Greenland. But in North 
America, situated on the wind-receiving side of a warm-temper- 
ate and tropical ocean, whose tropical waters lay against its 
southern border for more than a thousand miles, the strength 
of the tendency would have been severely tested. 

Pressure and friction would have been other sources of 
melting; and perhaps, in view of the breadth of the area cov- 
ered by the glacier, some small amount may have been ocea- 
sioned by subterranean heat. 

(4.) Mean annual discharge of the Connecticut River at the time 
of maximum flood.—The data for calculating the amount of dis- 
charge of the flooded river are: (1) the estimated mean width 
of the river, 2,500 feet, (the reduced estimate); (2) the mean 
depth, 140 feet: and (3) the mean velocity, which we may take 
at 3 and 4 miles an hour. The length of the river from Wells 
River to the Sound is 200 miles. Hence, 662 hours for 3 miles 
an hour, and 50 for 4 miles, would have been required, to pass 
into the Sound the waters, that at any one time occupied the 
channel. 

The estimate of 140 feet for the depth can hardly be too 
great, seeing that the highest terraces are, at the south, 200 
feet high above modern low-water; and to the northward, 200 to 
265 feet. The view that the range of upper terraces, including 
the so called delta-terraces, mark approximately the high-water 
level, is the common one with all that believe the terraces to 
be of fluvial origin; and I feel under obligation to add, inas- 
much as the different idea about the “normal highest terraces” 
aud the “delta terraces’’ of the Connecticut, opposed in the 
earlier part of this paper, is from one of the New Hampshire 
Geological Reports, that this accepted view is that sustained 
and taught by Professor C. H. Hitchcock, the head of the New 
Hampshire Survey. 

The amount of water lying in the channel at any one mo- 
ment would have been 2°511 cubic miles; and the daily dis- 
charge, if the velocity were 3 miles an hour, nearly 0-9 (0-904) 
cubic miles: or if 4 miles an hour, nearly 1:2 cubic miles 
(1205). At the two rates of flow mentioned, the amount of 
water discharged during a year would have been about 330 
and 440 eubie miles. 

(5.) Annual loss of ice from the melting.—Now comes the ques- 
tion how much of this water came from the melting glacier-ice, 
and how much from the cotemporaneous precipitation; or how 
much did the amount of water exceed the amount of precipita- 
tion ? 

[f all of the water came from the ice, the amount of ice 
melted—taking its specific gravity at 0°92—would have been, 
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at the two rates of tlow in the river, about 359 and 478% eubic 
miles." 

The amount from the precipitation to be deducted does not 
diminish greatly these numbers, even if all of it went to in- 
crease the floods. With a mean annual rain-fal] of 120 inches, 
or 10 feet, this amount for the part of the entire drainage-area 
north of Massachusetts, would be only 161 cubic miles: and 
for the whole drainage-area to the Sound, 21°8 eubie miles. 

This amount, 21°8 cubic miles, is too large by the amount 
which would have been lost through evaporation, soil-absorp- 
tion, chemical changes in and beneath the glacier making 
oxides and hydrates, and in other ways. An estimate of these 
losses may be derived from the modern Connecticut. 

The annual discharge of the Connecticut, as determined by 
measurements made under the direction of General G. K. War- 
ren, of the Kngineer Corps, by General (i. Ellis,+ at 
Hartford, Ct.. where low water in the stream is almost exactly 
mean-tide level, it being only ‘O45 feet below it, was as follows 
for the vears inentioned : 

Year Discharge cubic feet Discharge in cubic feet 
1872 638,070,000,000 570,649,000, 000 


1873 727.160.000.000 ra 706,291,000,000 


1874 733.103.000.000 526,261 000.000 


The largest of these sums, that for 1874, corresponds nearly 
to 5 cubic miles (more exactly 4°98) . 
The amount of annual precipitation over the drainage-area 
north of Hartjord to the sourees of the Connecticut (allowing 42 
inches as the mean for the part north of Massachusetts and 46 
inches for the rest north of Hartford), averages nearly 7°17 
eubic miles. Consequently the amount discharged at Hart- 
ford in 1874, was 69°5 per cent of the precipitation ; so that 
the loss in all other ways was little over 30 per cent. In 1877, 
a year of minimum disch: arge. the amount was 50 per cent. 
The proportion of 70 per cent more correctly represents the 
condition in the era of the glacier-melting than that of 50; for 
it is the proportion during a year of great Connecticut floods: 
and these tloods are dependent, in nearly all cases, (1) on the large 
amount of snow and ice of the winter or spring season, and to 
a considerable extent (2) on the frozen state of the ground over 
the hill slopes and much of the country, favoring an easy 
slipping of the waters over the surface without absorption by 
the soil._—conditions e ‘minently characteristic of the era of the 
* The specific gravity is here taken too high because of crevasses and want of 
compactness of glacier-ice : but this error. for the calculation of which no specific * 
data exists. is not here of importance. Helland found the specitic gravity of the 


ice of a large iceberg only 0°886, this low rate being due to linear air bubbles 


which thoroughly permeate dd it. 


+ Annual Report of the Cl fief of Engineer S78, Appendix B 1 
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Glacial flood. This point is further exhibited in the following 
table, in which the monthly discharge of the Connecticut at 
Hartford, for the years L872 to 1877, is given from General 
Ellis’s Reports; and also the rainfall (snow included) for the 
same years at Lunenburg, Vermont, two miles west of the Con- 
necticut, in lat. 44° 28’ N.. long. 71° 44° W., at a height of 
1124 feet above the sea; Hanover, New Hampshire,—on the 
east bank of the river, in lat. 43° 42’ N., long. 72° 17’ W., at a 
height of 530 feet above the sea; and at Amherst, Massachu- 
setts, in lat. 42° 22’ N., long. 72° 34’ W., at a height of 267 
feet above the sea: the first, from tables kept hy Dr. H. Cut- 
ting of Lanenburg:; the second, from the Dartmouth Observa- 
tory at Hanover (received from Prof. R. Fletcher): and the 
third, from the tables of Prof. E. S. Snell. The table shows 
that the floods are not the immediate effect of great rains, and 
this is plain from mere inspectionu.* So in the Glacial era, the 
loss of water by soil-absorption was at its minimum, by grow- 
ing vegetation almost null, and by chemical processes of oxida- 
tion and hydrationt very small, while ice to melt and melting 
and frozen ground to flow over were essentially indefinite in 
extent. 

An allowance. therefore, for the loss trom evaporation and 
other causes, of 20 to 25 per cent, during the glacier-melting, 
cannot be far from right. ‘aking the mean of these numbers, 
22% per cent, the amount for the whole precipitation, 21°8 cubie 
miles, becomes 16°4 cubic miles as the part contributed to the 
discharge of the flooded river; and this in the state of ice is 
is-4 cubic miles. Consequently all the discharge but this por- 
tion would have been derived from the wasting glacier— which 
makes the waste per year (p. 367) 460-1 cubic miles if the 
velocity of the river were four miles an hour, and 340°6, if 
three miles, the former equivalent to about 1°26 cubic miles 
per day, and the latter to 0-958, 

(6.) Disappearance of the Ice.—If the loss of ice by melting 
were 460°1 cubic miles per year, and this amount continued to 
be the loss uninterruptedly, 8,215 cenbie miles of ice wonld 
have been carried off in about 18 vears: and if the annual 

*Gue marked exception occurred in August, 1856, when the waters of the river 
reached a height of 23°53 feet at Hartford, or but 25 per cent short of the highest 
on record (that of May, 1854, when the height was 29°83 feet). But the precipi- 
tation at that time was enormous, having been in that August 12°132 inches at 
\mbherst (Snell), and 11°68 inches at Wallingford, Connecticut (B. F. Harrison, 
in this Journ., xxi, 497, 1881). 

+ The loss by hydration Jere alluded to is in part that nsed in making the clay 
of the glacier discharge which is abundant in Greenland as well as in the pro- 
duets——bowlder-clay-—of the Glacial era, Such clay has been made by the de- 
composition of the feldspar which the glacier-movements grind up, and when 
pure contains 13 per cent or so of water. The decomposition is a remarkable 
fact; but it is possible that the decomposition of the algw of the glacier may 
have made carbonic acid to promote it 
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1872. 
Jan. 
Feb. 
March 
April 
May 
June 
July 
Aug. 
Sept 
Oct. 
Nov. 
Dec. 


Total 


1874. 
Jan. 
Feb. 
March 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 


Total 


1876, 
Jan. 
Feb. 
March 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 


Total 


At 


Norwich, on 
precipitation in 1872 was 41 inches, in 1873, 
each case, than at Hanover. 


Discharge 
in millions 
of cubic 
feet 


29,288 
18,849 
22,437 
130.966 
82,164 
63,696 
26,918 
59,996 
53.388 
41,923 
62.897 


45,548 


638,070 


135.491 
96,674 
71,721 
62,031 

139,213 
74,110 
55,018 
28,293 
17.412 
19,310 
15.865 


17,965 


733,103 


79.956 
64,400 
93,866 
160.756 
155,521 
11,008 
22.016 
16,674 
17,186 
16,930 
20,822 


17,156 


706,291 


sunen 
burg 


95 


05 


‘70 
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Monthly precipitation 


Han- 
over 


west 


side 


Schott makes the 


Discharge Monthly precipitatio: 
in millions 

Am of cubic L 

herst feel 


Han- 


over, 


Am 
herst 
1875, 

64,430 

45,123 

$3,316 
181,780 
720 
400 


982 


Jan, 
Feb. 
March 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov 


138, 
26, 
18, 
17 
$9. § 

Total 

1875 
Jan. 
Feb. 
March 
April 

May 

June 

July 

Aug 

Sept 

Oct 

Nov. 

Dee. 

Total 

Jan. 

Feb. 

March 

April 

May 

June 

July 

Aug 

Sept 

Oct. 

Nov 

Dee 


lotal 


the Connecticut, opposite Hanover, t 
in 1874, 35°32; greater, in 
annual mean at Hanover 40°66, 


of 


36°57, 


The number of inches of snow in the above years at Lunenburg and Hanover 


was as follows: 


Year. 
1872 
1873 
1874 


Lunenburg 
139°50 
36°20 


118°85 


Hanover 
28°75 

100°00 
77°70 


Hanover 
106°73 
113°00 

32°00 


Year Lunenbure. 
1875 
L876 
1877 


|_| 2°88 Lol 
3°24 2°87 
| 2-20 
3°42 #11 
34 3°25 
"95 5°64 707 3°95 ag 2°93 
79 7°35 70 2-50 152 347 
“48 2°62 6°20 is 75 3°83 177 
"47 64 80) | 
OD O75 ld 2°32 2°38 Bol 
9:97 2°69 96 2°65 1°65 
61°35 37°28) 44°19 | 60 40°51 | 33°47 
1°80 181 2°18 23 4°92 1°20 3°62 
2°95 0°68 1°35 32 3°05 2°55 120) 
1-05 40 19 2°85 1°92 3°33 
2-95 3°26 5°22 37 is 2°19 
7°06 4°44 506 1-98 
1°98 116 2°55 270 S15 
20) 2°69 71 3°40 LOT 616 
1°35 3°92 1-82 38 1°35 194 4°65 
1°15 1°30 5°26 3°89 
2°71 192 D4 22 2°92 1°63 3°97 
| 3°07 1-08 17 3 1°40 O78 103 
39°45) 30°78 | 36°53 149 43°73 33°57 46°98 
1°72 2°30 0 2°15 2-70 2°52 
3°02 50 710 3 640 2°57 697 
2°75 0°52 310 7 9°35 197 2°45 
1°70 1°32 3°96 4 1-05 1-03 1°93 
2°46 3°87 3°00 1-07 4°59 
5°25 0-00 84 5 4°22 8°48 
1°25 O42 27 6 5°95 2°79 
590 9 2°05 og) 0-9) 
1-60 0°53 1°12 2 4°70 1°67 6°98 
1°67 2°13 2°49 5 3°65 381 5°44 
2°8] 130 3°22 2 187 O96 1-02 
26°07 526.261 38-04 35-18 42°43 
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loss were 340°6 cubic miles, the same work would have taken 
about 24 years. 

8,215 cubic miles of ice are equal to the part of the glacier 
estimated to have occupied the drainage-area of the Connecti- 
ent at the time of maximum ice 

Supposing the above numbers approximately correct, we are 
still far from a knowledge of the time taken during highest 
tlood for the disappearance of the ice from the valley. For in 
order to reach a conclusion it is necessary to know a/so, 

(1.) The approximate amount of ice that was still in the 
valley when the epoch of maximum flood was reached, the 
estimate made being the amount at the time of maximum ice. 

(2.) Whether the southward movement of the great northern 
glacier still continued, and was adding to the amount of ice. 

(3.) What was the amount of ice contributed at that time 
by local glaciers within, or on the borders of, the drainage-area, 
which glaciers used some of the precipitation to make ice for 
melting. 

(4.) Whether the melting, instead of continuing on uni- 
formly, had its years or periods of interruption. 

(5.) Whether the time of maximum flood was not quickly 
passed, even in one, two or three years, so that the discharge 
of the river was at its highest stage only for a very short time 
and rapidly declined to some limit, lessening thereby, both the 
rate of flow and the amount of water. 

With doubts on points so important, this time-question must 
be set down as of impossible solution. 

But while a definite answer is not to be expected, we may 
see reason for the following general inferences. 

a. At the time of maximum flood the ice was not lying 
along the center of the valley producing the river by its grad- 
ual melting, and retreating northward as the river elongated in 
that direction. 

The amount of water flowing off with a velocity of three or 
four or more miles an hour, making the great flood, was too 
vast to have been generated from a retreating body of ice in 
the valley. 

b. If, as Greenland facts authorize us to believe, sub-glacial 
rivers of large size and energy were a universal feature of the 
Glacial era, these streams must have entered on a career of 
real progress when melting began in earnest. As they en- 
larged, the icy tunnels they had hitherto occupied would have 
become widened, and the sub-glacial chambers have extended 
themselves in all directions, undermining the heavy glacier. 
And as rapidly as this removal below went on, the deposition of 
the materials of the ground moraine—the stones, gravel, earth and 
clay—long before initiated—would have gone forward, covering 
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with tiil the glacier-buried land. But, subsequently, when the 
rising streams had volume enough to make the lower range of 
terraces, along the valleys, the roofs of the tunnels were prob- 
ably, for the most part, gone. The ice still lay over the land, 
covering deeply the hills and mountains, but the wide channel- 
ways were open to the day. Evidence of this is afforded by 
the fact that these lower terraces, like the higher, are free, with 
rare exceptions, from deposits or droppings of till or of bowlders, 
such as would have come from an overhanging glacier. But 
outside of the terrace plains, up the hill slopes wherever the 
ice still remained in force, the till may have continued to fall, 
adding later to earlier till. Other evidence that the streams, as 
the floods rose and terracing went forward, were free from ice 
overhead is afforded by the Lake Champlain and St. Lawrence 

valleys. The shell-bearing sea-beach deposits at Montreal 
and on Lake Champlain could hs urdly have been formed from 
a thriving growth of mollusks and other marine species while 
the glacier lay over the whole region to the Gulf, a distance 
from Montreal of 5V0 miles. Whales (Beluga Vermontana, re- 
sembling much JB. leucas Gray), and seals, inhabitants of the 
bays of Arctic coasts, would never have made their way be- 
neath such a cover of ice to Lake Champlain, a region also 
under the ice. If then the St. Lawrence valley for more than 
500 miles and the Lake Champlain region were free of ice, 
this may also have been true of the larger valleys of New 
England and the west. 

c. It follows from the existence of a cut across the glacier 
along the St. Lawrence valley, from Lake Ontario to the Ocean, 
over 500 miles from east to west, and north of all New Eng- 
land, that at the time of highest flood New England was not 
receiving additions to its ice through the southward movement 
of the great northern elacier. 

The Connecticut valley, at the time of maximum flood, 
derived its waters—apart from the portion supplied by precipi- 
tation—from the ice of the bounding slopes of the valley and 
of the wide tributary region. Consequently, the melting sur- 
faces up and down the borders of the valley and over the 
slopes east and west to the limits of the tributaries would have 
been of almost indefinite extent, and the ice thus melted might 
have reached the amount deduced above—a cubic mile per day.* 

* It will be observed that such conditions were well fitted, especially toward 
the mountains or in the region of the upper sub-glacial portions of the tribu- 
tary streams, to produce and set afloat masses of ice laden with till, to float 
down a tributary to the Connecticut—a kind of work that must have begun 
early in the era of melting. Reaching the wide borders or flood-grounds of this 
river, they wouid, for the most part, have been pretty sure to have become 
stranded above and below the mouth of the tributary, owing to eddies and shal- 
lows; and there, as they melted, would have dropped their stones and earth, and 
thus have helped to make the coarse gravel and cobble-stone beds which, in 
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e. The length of time during which the waters stood at 
maximum height was probably less than five years. This 
accords with the following facts: that the terraces marking this 
upper level have much less extent than those of lower levels: 
that they are confined more narrowly to the vicinity of the 
mouths of the tributaries—the transporters and distributers of 
terrace-material ; and that they are absent altogether from some 
long portions of the valley, except quite close to or within the 
mouths of tributary streams. As already remarked, the height 
of the flood may have exceeded, for a short time, the deduced 
heights by 10 or 20 feet: and a wide range of evidence of this 
may yet be made out. 

J. The approximate length of the era occupied by the rise 
and fall of the flood is not a question within the range of this 
paper, and does not appear to admit of determination by any 
of the facts considered. 


Arr. XXNIX.—On Brazilian specimens of Martite; by 
ORVILLE A. DERBY. 


THE opinion has lately been advanced (M. Gorceix, Comptes 
Rendus de l'Acad. des Sci., No. 7, 1880; Annals da Escola de 
Minas de Ouro Breto, No. 1), that the octahedra. crystals of 
oligiste, so common in the metamorphic schists of Minas Geraes 
and known by the name of martite, are due to the transforma- 
tion of pyrites. That this is true of some of the erystais, is 
beyond a doubt, but a recent examination of fine collections 
from typical localities indicates that a large portion should 
rather be considered as produced by the alteration of magnetite. 

In a lot of 308 erystals ranging from 2 to 10™ in diameter, 
collected by myself from a single locality near the village 
of Itambé, from a partially decomposed quartzose micaceous 
schist, 116 were attracted and for the most part freely lifted 
between the poles of a small horse-shoe magnet, and of these 57 
were freely attracted by a much stronger bar magnet, only a 
few being lifted freely. 192 were not attracted by the horse- 
shoe magnet, and 251 showed the same indifference to the bar 
magnet. 
many places to the north, compose the topmost portion of the higher terraces 
(indexes of the so-called ** Kames.”) The stones of such ice-floes would have 
been largely from northern sources, whatever the direction of the stream con- 
tributing them, as explained on page 89. 

The liability of floating masses to strand, and to drift up stream as well as 
down, in consequence of eddies along the sides of a river, is illustrated in an in- 
structive way on the Connecticut, in early summer ,by the great crowd (sometimes 
willions together), of logs (tree-trunks) that float down it to lumber-yards in Mas- 
sachusetts and farther south. Were it not for a large party of hands to look out 


for the logs and keep them moving, they would be generally ashore before going 
far on their course. The bends in the stream add much to the difficulties. 
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A specimen which was lifted freely by both magnets gave 
a black strongly magnetie powder, reacting with both ferri- 
and ferro-cyanite as well as with sulpheyanite of potassium. 
Another specimen not attracted by either magnet, gave a red 
powder which was feebly attracted between the poles of the 
horse-shoe but was not influenced by the bar magnet. This 
gave a characteristic reaction with sulph- and ferro-cyanite of 
potassium, but with the ferricyanite only gave an almost im- 
perceptible blue precipitate which was immediately lost in the 
coloration due to the great excess of peroxide. 

A specimen extracted from a greenish micaceous schist from 
Inficionado (locality from which martite was first described by 
Spix and Martius) apparently identical with the Itambé rock, 
but not decomposed, was strongly attracted by both magnets 
and gave a black strongly magnetic powder r peorige for both 

er- and protoxide of iron. From a similar rock from Serro, 
partially decomposed, two specimens were extracted, one with 
a brilliant surface, the other somewhat dulled. Both were 
magnetic but in different degrees and both gave the reactions 
for the two oxides, but the powder of the first was black and 
of the second red. In another specimen from near Serro, small 
splendent, strongly magnetic crystals, giving a black powder, 
were embedded in compact hematite. In another smal] lot of 
brilliant crystals, all were so strongly magnetic as to form them- 
selves in strings of four or five on both magnets. 

In these experiments all possible gradations as regards mag- 
netism and composition between typical magnetite and oligiste. 
were found. Specimens from the surface, or from much decom- 
posed rock, will naturally be of pure oligiste, but present no 
external evidence of the change from magnetite unless it be an 
almost imperceptible dulling of the surface and a slight copper) 
luster. 


Art. XL.—A method for determining the flexure of a Telescope 
Tube for all positions of the Instrument ; by J. M. SCHAEBERLE. 


In all observations with the meridian circle only the maxi- 
mum astronomical flexure of the telescope tube is determined 
directly from observations, two horizontal collimators being 
used for this purpose. ‘This maximum flexure is then assumed 
to vary as the cosine of the altitude. I propose in this paper 
to give a very simple method by means of which the accuracy 
of this law can be tested directly for all positions of the tube, 
nothing but a small plane mirror, silvered by Draper’s process, 
being required for this purpose. ‘To this mirror is cemented a 
circular ring of cardboard of just sufficient thickness to prevent 
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the mirror from touching the object-glass of the telescope to 
which it is cemented with a solution of gum arabic. The cen- 
tering is quickly done by shifting the mirror upon the spheri- 
cal surface of the lens until the reflected image of the horizontal 
wire is nearly in coincidence with the wire itself. 

In experimenting | have used a piece of plate glass; to test 
the surface of the same before silvering, the image of a distant 
brick wall, reflected obliquely from the glass surface, was 
examined with the aid of an excellent 24 inch achromatic; from 
a number of pieces one was selected which gave a sharp image 
of both the vertical and horizontal joints for the same focus. 
A beautifully sharp and fine image of the wires will be given 
by such a mirror (silvered on the side toward the object-glass) 
although less than two inches in diameter.* 

Let m, be the reading when the micrometer wire is in coinci- 
dence with the reflected image of the fixed horizontal wire, the 
telescope being pointed to the zenith, and let m be the reading 
for any other pointing. Let # and y be respectively the deflec- 
tions of the object- and eye-ends of the tube from the positions 
these ends would have if there were no flexure. 

L= focal length of objective. 

/= distance of the object-glass from the line about which the 
flexure causes it to revolve. Placing the sines and tangents of 
very small angles equal to their ares, the linear distance of the 
tixed wire from its reflected image, can be expressed by a very 
simple equation. For we have,t 


— ) = t herefore 
sin L / Lsin1 


7-1) 


Letting —1)=« and —'=F, we can write 
9 


cr +Yy =F 

ex +y' —F’ 

eat! +y" =F" 
etc., ete. 


If 7, represents the maximum astronomical flexure determined 
by means of two horizontal collimators, we have 


* The focal length of the objective used is eight feet, and the wires made 
visible in precisely the same way as in taking nadir observations. 
+ The flexure really gives the tube a curved outline. In assuming that the 
£ 
change in the inclination of the mirror (due to flexure) is equal to isin }” (where 
sin 
can usually be taken equal to the distance of the objective from the nearest face 
of the cube, to which the tube is bolted) only very small terms are omitted which 
can generally be neglected as inappreciable, 
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hence we obtain 
F’, 


e+] 


Representing the zenith distance of the pointing by 
should have 
(ca, +Y_) Sin 2 
(cx, ty,) sinz’= 
etc., etc. 
provided the law, that the flexure varies as the cosine of the 
altitude, is correct. 

If the measured values I, F’, etc., are not satisfied by the 
above equations, the residuals will furnish data for obtaining 
the form of the function which, when substituted in the place 
of sin z, will best represent the observed readings. Any 
sudden apparent change in the flexure, as for instance the shift- 
ing of the object-glass in its cell, could be observed directly 
by keeping the eye at the instrument while it is being revolved. 
In some cases it might be well to fasten the mirror to the cell 
instead of to the objective. After the flexure has been deter- 
mined, a thin strip of metal, the weight of which is exactly 


equal to. the weight of the mirror, can be wound around the 
object end of the tube. 


Art. XLI.—On the dykes of Micaceous Diabase penetrating the 
hed of Zine Ore at Franklin Furnace, Sussex County, New 
Jersey ; by Ben. K. EMERSON. 


THE great open working at the Taylor mine in the “ Buck- 
wheat Field,” at Franklin Furnace, is carried forward for a long 
distance with a width of perhaps fifty feet and a depth of ninety 
feet. As the limestone bed dips 90°, the walls are vertical, and 
as the ore body in this limestone bed has a steep pitch to the 
north, the mine is at its north end no longer worked out to- 
day, and as if planned specially for the convenience of the 
ininers, a great vertical dyke 20-22 feet in width cuts the lime- 
stone and the ore bed at this point, and standing vertically 
stretches at right angles across the mine like the partition wall 
of a burned building. Seventy feet above the floor of the 
mine and again at the bottom passages have been cut through 
the dyke to get at the ore behind. From a point near the 
southern foot of the dyke, smaller dykes run up to the surface 
dipping 5U° S., widening and narrowing and sending off small 
branches. These smaller dykes do not exceed two feet in 
thickness. ‘I'wenty feet farther south another dyke more inter- 
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rupted, and never more than six inches thick, runs nearly to 
the surface. This is the appearance of the dykes in the west 
wall. In the east, the dyke last mentioned is thicker and con- 
tinuous from top to bottom, and the two small dykes which start 
on the west from the foot of the main one are widely separated. 
The effect of these dykes upon the zine ores is remarkable. 
Large portions of the eruptive rock have exactly the appearance 
of an amygdaloid, but the amygdules are spueres of green wil- 
lemite melted out of the vein, and such drops, together with 
franklinite could be found, though more rarely, in the coarsest 
rock, from the center of the main dyke. The smaller branches 
running down toa width of a quarter of an inch, and _ pene- 
trating the richest portion of the ore—the ‘green silicate’ —are 
changed to a depth of a quarter of an inch or more into a red 
jaspery mass, which retains its thickness as the dyke thins, so 
that dykes less than an inch in thickness are made up wholly 
of the brick red aphanitic material. In the thicker veins 
from which these filaments spring, the rock as a whole grows 
uphanitic toward the contact, while the scales of mica are even 
larger and are arranged parallel to the contact plane. The 
rock has the appearance of a very micaceous diorite; is brown- 
ish gray in the coarser varieties to nearly black in the finer, 
and varies from aphanitic to a coarser kind where the red mica 
is abundantly visible to the eye, and more rarely small black 
augites appear. It is of high specific gravity and effervesces 
abundantly with acid. 

Microscopically it resembles closely the finer grained, dark 
colored elxolite rock from Beemersville which there seems to 
be an offshoot from the great main dyke, and it was for this 
reason as well as to observe the effect of the large admixture 
of the zinc silicate, investigated with the microscope. The 
resemblance was not sufficiently close to make it probable that 
the dykes of the two localities are of the same age and origin. 

Under the microscope the foreign constituents, franklinite, 
zincite, willemite and calcite, are present in large quantity ; 
the zincite easily mistaken for franklinite from its opacity but 
showing on the thinnest edges a deep blood red. The willemite 
is especially abundant, both in round drops apparently melted, 
—green, semi-transparent, fissured by many cracks, and show- 
ing feeble polarization,—and in broken crystals and large cleav- 
age pieces. It resembles olivine in many ways, having a 
strongly marked but irregular rectangular cleavage and a very 
rough surface in thin sections, but it polarizes feebly and with- 
out bright colors. In this respect it differs from the normal 
willemite, which was sliced for comparison, from an inch out- 
side of one of the small dykes, which resembles and rivals 
olivine in the brilliancy of its colors in polarized light. 
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The normal constituents of the rock are labradorite, augite, 
biotite, apatite, and probably magnetite, though one cannot well 
distinguish the latter ingredient from the franklinjte. The 
colorless background in which the other constituents appear 
polarizes in large irregular patches, and for the most part shows 
neither cleavage nor any other characteristic by which it can be 
determined in its present decomposed state. A small portion, 
and this was increased by treatment of the slide with acid, 
shows multiple twinning with extinction at 10° on either side 
of the twinning plane. which would indicate labradorite, and 
it often combines with this a second twinning at right angles to 
the first. Another portion shot through with brightly polari- 
zing scales of muscovite resembles a decomposing elieolite. Kx- 
periments with regard to gelatinization gave uncertain results, 
from the presence of so much zinc silicate, but some portions 
which did not seem to be willemite were removed by acid. 

The abundant scales of biotite are with great frequency 
pierced by unusually large regular prisms of apatite, and de- 
composition has attacked some crystals at the edge, and fol- 
lowing in on certain layers has changed them into an aggre- 


gate of colorless scales apparently of silica. he augite is of 


very light brown color, and appears in unusually long flat 
blades from the great development of the orthopinacoid. It 
is without absorption and extinguishes the light at 37° to the 
vertical axis. One finds in addition scattered crystals of much 
larger size (‘2 mm.) which have the stout form and the color of 
common volcanic augite, and in several instances enclose large 
fragments of willemite and franklinite, or willemite and pyrite, 
and are also surrounded by a greenish zone of equable width 
which shows aggregate polarization, and consists of willemite 
and calcite. 

In other varieties of finer grain, the elongated crystals 
augite, and plates of red mica similar in shape and size to 
these, are more abundant and fill the tield in reticulate arrange- 
ment, as do the feldspar needles in a common diabase. More 
over a gray or greenish gray semi-opaque substance, made up 
of scales and irregularly rounded particles, is gathered in great 
quantity around these crystals so that they are often almost 
wholly concealed thereby, and look like caddis worms in their 
cases. This is the seat of very abundant effervescence when 
the slide is treated with acid, but is only partly removed. 

The feldspathic constituent appears here also as a colorless 
background, but more sparingly, and it is even more decom 
posed than in the coarser rock. It differs from this only in 
enclosing in abundance straight acicular microlites which are 
abundant also in the elongate augite crystals. 

The finest grained black rock three inches from the contact 
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in the main dyke showed under the microscope a uniform gray 
ground difficult of resolution and resembling that of a phono- 
lite, and regularly mottled by abundant small rounded opaque 
spots. 

When examined with a power of 600, it is found to show 
small portions of a colorless isotropic glass which is crowded 
with minute particles apparently spherical scattered either 
singly or joined three or more together into moniliform rods, 
or, finally, densely agglomerated into the opaque spheres with 
which the ground is mottled. These products of the devitrifi- 
cation of the glass-base bear close resemblance respectively to 
the globulites, margarites and cumulites of Vogelsang, except 
that they do certainly polarize light. 

On this background appear (a) large, often well-formed crys- 
tals of franklinite or magnetite, (b) very abundant clear hex- 
agonal cross-sections which appear to be apatite, and others 
larger and clouded with the included microlites which may be 
nephelite, (¢) small very regular sections of pale brown augite 
sometimes beautifully twinned, and (d) rare scales and needles 
of biotite. The augite crystals are often in flat blades, from 
the large development of the orthopinacoid, and extended in 
the direction of the vertical axis into long needles with well 
developed basal cleavage, which resemble somewhat needles of 
tibrolite, but extinguish the light at an angle of 37° with the 
vertical axis. 

The larger crystalline constituents described are here scat- 
tered at a distance from each other in the semi-opaque ground 
mass and show a very distinct fluidal structure. 

Finally, in the jasper-like material of the narrow red fila- 
ments, the ground is in thin section deep red and the mate- 
rial resembles the basic voleanic glasses in the difficulty of 
vetting a transparent slide. The ground bas however under- 
gone complete or almost complete devitrification and the 
opacity is caused by the close aggregation of minute grains 
resembling those of the preceding variety but redder and even 
more minute than they, which gave when the light could be 
driven through the thinnest portion of the slide bright aggre- 
gate polarization 

Quite large pieces of included willemite and zincite occur 
abundantly. The zincite is of so deep color that by ordinary 
light most of the pieces are quite opaque and only here and 
there a blood red light penetrates a small portion of the sur- 
face. Curiously with crossed Nicols these masses of zincite 
glow out like carbuncles and the bright red of the background 
quite pales beside it. It is at the same time quite apolar. 

A multitude of sharp hexagonal apatite cross-sections let 
tue light through the dark grouud, and the same pale brown 
augite and red mica appear as in the other varieties. 
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ArT. XLI.—On the Occurrence of Smaltite in Colorado; by 
MALVERN W. ILEs. 


A vein of cobalt-bearing minerals, containing smaltite in 
predominant quantities, has recently been discovered near 
Gothic, Gunnison County, Colorado. 

The vein is strong and well defined, indeed projects from a 
granitic formation in several places. This property, owned by 
the Sterling Mining Co., has as yet received but little develop. 
ment, but sufficient to lead one to believe it will be a com- 
mercial source for cobalt. 

The vein matter contains much crystallized calcite, in which 
are irregularly distributed smaltite and erythrite. There is 
occasionally noticed a small amount of iron pyrites, and also 
very beautiful spongy leaflets of native silver. The vein is 
particularly free from siliceous matter, and up to the time of 
writing, we have been unable to detect any associated nickel 
minerals. 

A sample of smaltite obtained from the surface croppings 
yielded the following results: 

11°59 
63°82 


98°89 


A purer sample yielded 15 per cent. cobalt. 

The Gem, and other mines, near Silver Cliff, Colorado, 
contain a number of nickeliferous minerals, and a small 
amount of cobalt. 

The writer has recently detected a small amount of nickel 
and a trace of cobalt in an iron pyrites near Granite, Colorado ; 
the latter mineral bears a striking resemblance to the nick- 
eliferous iron pyrites found at Anthony’s Nose on the Hudson 
River. 

Chemist, Grant Smelting Co., Leadville, Colorado, 
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Arr. XLITI—On the occurrence of Vanadium in the Leadville 
Ores; by MALVERN W. ILEs. 


Avr the Evening Star and tna Mines, I have detected a 
vanadium mineral, occurring in a pocket surrounded by a sili- 
ceous gangue, and also in a well-defined seam. In the Even- 
ing Star mine, the vanadium compound is associated with the 
so-called “hard carbonate of lead,” and is found as an incrus- 
tation upon a dark chocolate-colored siliceous gangue, which 
gangue is in turn deposited upon nearly pure white quartz. 
The mineral in question has various shades of color, from red 
to yellow, and may be described as orange-red, reddish-yellow 
and lemon-yellow. Both the red and yellow specimens give a 
deep green solution when treated with hydrochloric acid, and 
not unfreyuently the chocolate-colored mineral gives a marked 
amount of vanadic acid. 

Prof. Silliman has called attention to the fact that a choco- 
late-colored mineral, found associated with vanadinite, also 
yields a perceptible amount of vanadium.* The reagents, upon 
which most reliance was placed to detect the presence of vana- 
dium in the numerous specimens at my disposal, were hydrogen 
peroxide and potassium ferrocyanide; and the property vana- 
dium compounds have of giving a green solution with hydro- 
chloric acid was made use of. Portions of the brilliant colored 
incrustation were detached from several specimens, and sub- 
mitted to a chemical examination; the results make it probable 
that the mineral is dechenite. The analysis is as follows: 


99°06 


In the estimation of vanadic oxide we used the method of 
precipitating the vanadium as a basic lead vanadate, and 
subsequently decomposing this salt by means of dilute sul- 
phuric acid; the concentrated filtrate, after using the well- 
known precautions to ensure removal of all traces of lead, was 
transferred toa platinum crucible, the sulphuric acid cautiously 
expelled, and then strong heat was applied with a blast lamp 
until complete fusion of the vanadic oxide. 


* This Journal, III. xxii, 200, 1881; Engineering and Mining Journal, Sept. 3d 
Is81; Transactions American Institute of Mining Engineers. 
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Art. XLIV. — On Certain conditions attending the Geological 
Descent of soe Aime rican ly pe s of Fre sh - water gill. 
bearing Mollusks ; by C. A. WHITE. 


[Extracted in advance from the Annual Report of the U.S. Geological Survey for 
1882, by permission of the Director. | 

THE following remarks are extracted from an article entitled 
a Review of the non-marine Fossil Mollusca of North Amer- 
ica. They are intended to apply especially to the fresh-water 
Mollusea of the Laramie and Eocene deposits of Western North 
America, and their descendants now living in the Mississippi 
drainage-system, and are offered as an explanation of the man 
ner in which that system became stocked with its present char- 
acteristic molluscan fauna, and doubtless to a large extent, with 
its ichthyic fauna also. 

When we attempt to trace the probable lines of succession 
or descent of the various types of Mollusca that now exist, the 
difficulty seems especially great, when casually considered, in 
the case of the fresh-water gill-bearing Mollusca. 

The prevalence of the sea has always been practically unl- 
versal ; and the various movements which the earth’s crust has 
undergone since life began in the sea, while they have repeat- 
edly disturbed or destroyed the habitats of its molluscan deni- 
zens in certain localities, and many of the lines of genetic suc- 
cession of types that had from time to time become established 
have been broken, there has evidently never been anything 
like such a general destruction of life in the sea as would either 
break or materially interfere with the greater part of the prin- 
cipal lines of such succession. in short, the marine field for 
the development and perpetuity of molluscan life has been 
ample and unbroken from the A oe to the present time, 
and we are at no Joss to understand how continuous lines of 
genetic succession of its denizens may have extended down 
through all the geological ages, modified it is true, by immedi- 
ately environing and cosmical causes, but still unbroken. We 
may at least conclude that if every molluscan species that now 
exists in the sea has not been lineally derived from the earliest 
mollusean forms that have existed in it, there have been no 
such changes of its physical conditions as would preclude such 
a possibility. 

When we come to the study of the fossil pulmonate Mollusca. 
especially the land-shells, we have also little or no difficulty 
in understanding how it has been possible for continuous lines 
of existence of these mollusks to be preserved through succes- 
sive geologel pe riods continent i such for 
example as North America, notwithsts nding the numerous and 
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great physical changes that have taken place within its area 
during those periods. Being air-breathers, nothing has appa- 
rently occurred to prevent their safe migration to other ground 
whenever that which they may have at any time occupied 
became uncongenial by reason of physical changes, because as 
au rule, those changes were effected so slowly that a continuity 
of congenial habitat for such mollusks was not necessarily bro- 
ken. ‘They were thus apparently as capable of preserving a 
continuous existence through successive geological periods as 
the marine mollusca were. 

But, as before intimated, when we come to the study of the 
fossil shells of the fresh-water gill-bearing mollusca, which in 
their living state must necessarily have been confined to fluvia- 
tile and lacustrine waters, it is not easy to understand, without 
a special explanation, how continuous genetic lines could have 
been preserved (as we find they were preserved even down to 
the present time) through a succession of geological periods, 
during which the great lakes of the Laramie and succeeding 
Tertiary periods, as we know, and all the rivers which flowed 
into and from them, as is generally but erroneously believed, 
have been successively obliterated.* Rivers are separated 
from each other by intervening land, and, running to the sea, 
their mouths are separated by marine waters, neither of which 
barriers are fresh-water gill-bearing mollusks capable of passing. 
But if it can be shown that throughout those geological periods 
und down to the present time there has been direct continuity 
of fresh water by means of lakes or rivers, or both, the case is 
plain enough. Indeed, as precarious as the existence of con- 
tinuous life of that kind may seem to have been, under the 
circumstances of such vast physical changes as are known to 
have occurred, we are forced to conclude that it is in this direc- 
tion that we must seek for an explanation of the manner in 
which were preserved the fresh-water molluscan types that 
have been found in the various groups of North American 
Mesozoic and Cenozoic strata, and that we also find among 
living mollusca. That is, they have been preserved through a 
continuity of habitat in the congenial fresh waters of lakes and 
rivers, flourishing in the lakes, when they existed, as well as in 
the rivers, and escaping by the streams which were the former 

*1t may be suggested that the distribution of these forms from one river or 
river system to another, may have taken place by the transportation of the mol- 
lusks or their eggs by aquatic birds. While such transportation is admitted to 
have been possible in some cases, it cannot be admitted as a probable cause of 
any considerable part of the distribution that must have occurred during the 
several geological epochs in which the mulluscan types referred to are known to 
have existed. Notwithstanding the annual migration of myriads of aquatic birds 
between the northern and southern portions of North America ever since it has 
heen a continent, the fresh-water molluscan faunze of those regions, respectively. 
ure still distinct. 
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outlets and inlets of the lakes, but which continued to flow 
after the obliteration of the latter, as rivers or tributaries of 
river systems. 

Lakes are only parts of unfinished river systems which dis- 
appear when the system is finished by the erosion of its 
channel to a nearly uniform slope. A lake consequently 
contains essentially the same aquatic fauna that the fluviatile 
portion of the system does in case the water of the lake is 
wholly fresh; or a modification of that fauna if the water is 
more or less saline. The great lakes of the Tertiary and 
Laramie periods have successively become obliter ated; but we 
may reasonably conclude that at least a part of the river chan- 
nels of to-day have existed as such from former geological 
times; that the greater part of them were established in epochs 
anterior to our own, and that those of some of the tributaries 
of the present Mississippi River system are identical, at least 
in part, with former outlets or inlets, or both, of the great 
ancient lakes which have been referred to. Consequently we 
may reasonably conclude also that the molluscan fauna of the 
Mississippi River system is lineally descended from the faunz 
of those ancient lakes, and the river systems of which they 
constituted lacustrine portions. This view is confirmed by the 
identity of the living with the fossil molluscan types which 
have been found so abundantly in those Laramie and Eocene 
deposits. 

In these remarks the ancient Laramie sea is included under 
the term “lacustrine,” the term ‘‘sea” being used simply to 
indicate that its waters were saline and not fresh; just as the 
Black and Caspian are called seas instead of lakes, and for the 
same reason. It may seem to be the use of a misnomer to 
speak of the Laramie sea as a part of a river system, because 
if was so immensely large, and the continental area which was 
drained into it was,proportionally so small, but if these views 
concerning the conditions which then existed are correct, that 
sea, with its tributaries and outlet, differed only in degree and 
not in kind, from any river system which has a lake of any 
size in its principal course. The waters of that sea having 
been saline, the Laramie hydrographic system more nearly 
resembled that of the Black Sea than any other now existing 
that is equally well known; and, although that ancient sea has 
long since disappeared from the face of the earth, its “ Helles- 
pont” still flows as a part of the Missouri River, or of some 
one of its tributaries, 

Rivers have of course existed ever since a sufficient extent 
of continental surface was raised above the sea to accumulate 
the waters that fell from the clouds; and in view of the 
mighty changes that have taken place during the progressive 
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growth of the North American continent, especially the eleva- 
tion of its great mountain systems and plateaus, it would be 
natural to suppose that the earliest rivers at least have been 
obliterated. Some have no doubt been obliterated, but con- 
trary to what has been the general belief, the recent labors of 
Powell, Dutton and others have shown that the rivers of 
North America have been among the most persistent of its 
physical features; that many of them are older than the 
mountain ranges of the regions which the rivers traverse, and 
that they have not yielded their “right of way” when the 
mountain ranges and plateaus were raised, but continued dur- 
ing and after that elevation to run in essentially the same lines 
which they had chosen when the region they traversed was a 
plain instead of a mountainous one. That ancient river sys- 
tems have been in some and perhaps many instances, to a 
greater or less extent divided, as a consequence of unequal 
continental elevation, or from other causes, is quite certain ; 
and it was doubtless in part by this means that the dispersion 
of freshwater mollusca into different river systems has been 
effected. That some formerly existing rivers have been oblit- 
erated and their molluscan faune destroyed is doubtless also 
true, but these facts do not necessarily affect the correctness of 
the view concerning the general persistent integrity of rivers 
and river systems which has been referred to.* 

The coalescence of separate minor drainage systems by the 
confluence of their lower portions into a common channel dur- 
ing the progressive elevation of the continent has also been an 
important means of the dispersion of fluviatile Mollusca. By 
such coalescence, what were once separate rivers or minor 
drainage systems became parts of larger ones; as, for example, 
the union of the separate peripheral members of the great 
Mississippi River system, which now forms a common drain- 
age for the principal part of the continent. The Ohio and 
Upper Mississippi, the two most ancient portions of the present 
great system, were once separate rivers, emptying into a 
northern extension of the Great Gulf; and it is practically 
certain that neither of them received that portion of the mol- 
lusean fauna, which now so strongly characterizes them, until 
after the confluence with them of the western portions of the 

* The discovery of so few traces of fluviatile deposits as have been made among 
the strata of the earth is probably due to the persistent adherence of rivers to 
their ancient channels. When land upon which rivers have formerly run has 
subsided beneath the level of the sea, the fluviatile deposits were doubtless de- 
stroyed by the encroaching marine waters. If the Jand continued to rise, as has 
been so generally the case in the gradual production of the North American conti- 
nent, the earlier river deposits were swept away in later times by their own 
waters, as their valleys were broadened and deepened. It is therefore, as a rule. 


only in the deposits of lacustrine portions of ancient river systems that their 
have been preserved. 
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present great river system which brought that fauna from its 
ancient home i in the western part of the continent. 

Rivers having been thus persistent, and the manner in 
which confluence of the waters of many of them has been 
effected being understood, it is no more remarkable that the 
types of fresh-water gill-bearing mollusca have come down to 
us practically unchanged, than it is that marine and land mol- 
lusks have reached us bearing the imprint of their reall; 
ancient, but what we have been accustomed to call, modern 
types. 

Not only have the molluscan denizens of the great Missis 
sippi drainage system descended to their present habitat in the 
manner suggested ; ; but there is no reason to doubt that a large 
part of the fishes of that system descended in the same manner, 
and in company with them. This is thought to be especially 
true of the characteristic Ganoids of that system. The progeni 
tors of many of the f fresh-water fishes may have ascended from 
the sea by the mouths of the rivers which have since coalesced 
to form that great river system: but it is believed that all did 
not do so. 

Both molluscan and ichthyic life doubtless began in the sea: 
and it seems at least probable that the freshwater denizens of : 
large part of both these classes became such by ompaaion 
rather than from choice. That is, their original progenitors 
were probably land-locked by the gradually and unequally 
rising portions of the sea-bottom which thus became portions 
of the respective continents; and they were compelled to either 
accustom themselves to the gradually freshening waters, from 
which they could not escape, or die. That many fresh-water 
forms have arisen by differentiation after their original pro- 
genitors were thus entrapped is evident; but this differentia- 
tion, at least among the Mollusca, has been slight and very 
slow, compared with what took place among the marine repre- 
sentatives of those classes during the same geological periods. 
Indeed a large number of the types among the Mollusca of the 
Mississippi drainage system have come down wholly unchanged 
from a time at least as remote as the Laramie Period. 
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Art. XLV.—AMeasures of the Rings of Saturn in the years 1879, 
1880, 1881 and 1882; by Epwarp S. HoLpEn. 


In his memoir entitled Recherches sur Saturne, ses anneaux et 
ses satellites (1880), Mr. W. Meyer gives the results of his recent 
observations with the 10-inch equatorial of the Geneva Observ- 
atory. 

Some of these results will not be received without criticism, 
since they go to show that the ball of Saturn is excentrically 
situated in the ring-system, and that the breadth of this system 
is not alike on the two sides. Specifically M. Meyer says, “‘je 
regarde done comme établi par les observations qu’ 4 ]’époque 
ou elles ont été faites, la largeur de lanneau de Saturne a été 
plus forte a son cété ouest, et que le centre méme de la planéte était 
plus prés de lextrémité est de lanneau que Uautre.” The results 
of his measures are given in table XI of his memoir, and ina 
tuble which accompanies the present note. 


In order to make observations of this class readily compar- 
able I have adopted a simple nomenclature which will cover all 
possible measures which caa be made on Saturn. I have em- 
ployed this in an extended examination of all the published 
drawings of Saturn known to me; and I take this opportunity 
of asking for a notice of the existence of rare drawings of 
Saturn, of those privately printed, and so forth. This system 
is shown in connection with a drawing of Saturn which was 
made at this observatory, 1881, November 27. The letters at 
the bottom of the drawing relate to points along the major axis 
of the ring. 

a is the east end of the major axis. 

6 is the pencil line so-called (seen Nov. 27, 1881). It is too 


broad in the cut. 
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¢c is the middle of the principal division. 

d is the point in ring B where the shading off begins; it is 
a definite point. 

e is the outer edge of the dusky ring. 

J is the inner edge of the dusky ring. 

g is the east limb of the planet. 

The remaining letters, h.... , refer to the west half of the 
system. 


W. Struve, 


2°61 
an 095 
ag "05 
(width) 1] 
cd 
ce 
cf 
ct 


el 


l (width) 
In | 
Polar diam. 5° 16°49 | 
It is unnecessary to remind anyone who has looked over the 
great number of papers on Saturn, that for the want of a simple 
system of referring to the planet’s features we are often in 
doubt as to what points, measures, and especially descriptions, 
refer. So far, we have only the nomenclature of Struve who 
called the outer ring A, the inner B, and the dusky ring C. 
The accompanying table contains about all the useful meas- 
ures which have been made on this system since 1826. 


| 
| Part. P| Bessel, Encke, Galle, | Main, 
326. 1830-3 1837-8 1887-8. 1840. 
i| 
1 2°76 3°36 
39°311 40°93 40°90 38°33 
| 11°13 11°63 11°50 11°37 
4°63 3-9] 
34°882 2 35°41 34°18 
eg 1°34 snes 4°24 $°23 4°82 
26°67 26°15 26°36 25°24 
gh 17991 17053 17°68 17'91 15°60 
hi 
hj 1°34 a 424 4°23 4°82 
hn 11°05 11°63 11°50 11°37 
| jk - ---- ---- 
jn 671 7°39 727 
| 
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In the last column are given those of M. Meyer, which are 
by far the most complete as to scope, and which are still in 
progress. From these it will be seen that his measures place 
the ball of Saturn excentrically in the rings, and that the 
width of the ring system is not alike on both sides. 

Of course, such conclusions need confirmation, as they are 
contrary to some of the most complete series of observations 
which we have. 


Secchi, 
Part. O. Struve, Lassell, Jacob, | Dela Rue, t 
1852 1852. 58 | 84. 


1853. 


as | 

an | ‘ 40° 

ag : “0: 11°616 

(width) ve “37 

cd 
4473 
6°621 

28-040 

34°659 


2°148 
25714 
1°88 
21-419 
28°040 
17°661 
1°85 
4°027 


l (width) 
ln 


Polar diam. 


* Bond’s results are given in terms of az=1-000, and not in are. To utilize 
them 1 have supposed an=40"47, by which they become directly comparable 
with Mayer's, the most complete series. 

+ All the measures previous to 1880 I have treated on the supposition that they 
give a symmetrical figure to the system. I believe that the original measures of 
Struve (1826) and of Secchi (1854) differ slightly from this supposition, but as I 
have not access at present to thir original papers, I have borrowed the data from 
Kayser’s Memoir in the Leyden Observations, vol. iii. 

t Lassell in 1852 wrote to 0. &. that 7=0°56 hj. 

S$ In Bond’s later (unreduced) observations given in the same volume of the 
Harvard College Observatory Annals as his first, he usually estimates ef as less 
than one-half of ge. 


ac 9°55 | 2°44 | 2°47 3°117 

742 _... | 680 | 646 | 7590 

de | | 

ef 2-04 | | 

ey 3°66 4°63 

24°90 | 26°32 26°91 

ig 161 | 2°16 

fi | 20°83 22°19 

fl | 27°74 28°61 

gh | 17°59 17°453 | 17°86 17°66 

hi 161 2°16 

hj 3°66 4°23 4°63 

hn 11-07 11-714 11°03 11:09 11°616 

ij 2°04 [2°59]t | 2°07 27148 

in 946 | 887 | 9°738 

‘al 4°87 1°36 3°99 | 4°473 

jn 7.42 | 680 6-46 7590 
0°37 

2-55 | 2°44 2°47 37117 
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I have made some measures of this system which are inter- 
esting in this connection, and which I shall give here although 
the series is not finished. They all relate to the position of the 
dusky ring C;. and the position of the points f and 7 is invaria- 
bly referred to (the mzddle of) the principal division, that is, to 
the points cand /. The observations were made in 1879 and 
1880 with the 26-inch equatorial at Washington, and in 1881 
and 1882 with the 15-inch equatorial here. 


Bond,* 


ab 
ac 
ae 
af 
an 
ag 
c (width) 
cd 
ce 
cf 
ci 
el 


[3°00] 
6°97 
9°88 

40°47 


SO mts! 


5 

27 

S85 2 


TWN w 
bo =I bo 
bo te 


(width) 
In 
Polar diam. 1 36° | 16°021 


These instruments are provided only with filar micrometers 
and are therefore not suitable for measuring diameters and dis- 
tances such as occur in Saturn. ‘This work properly belongs 
to the heliometer and the main part of it will undoubtedly 
soon be done at the Strassburg Observatory. But no heliom- 
eter now built has light enough to deal effectively with the 
dusky ring, and I therefore confined my measures with the 
Washington equatorial to that ring. The measures were referred 


| 
| 
Part Jacob, Kayser, Mever, 
1848-36 1856. 1862-3. 1880. 
2°60 2-329 2629 
{ 6°96 6°863 5-806 
9°31 8892 
10°47 39°997 39°471 
11°58 11°03 11-10 
4°36 4°534 37184 [3°97 | 
6°71 6°563 6°88 
28°57 28777 [28 05] 
35°28 35°339 34°227 
ef 2°35§ 2°91 
eg 4°62 66 4°45 
ej 26 271 27°859 26°32 
fi 21 14 21°17 
ji 28 77 | 27°68 
gh 17 40 17°27 17°451 
hi 2 4 
hj 4 66 5292 4:42 
hn 11 3 11°10 ae 
2 29 2°24 
al 6% 63 6°42 
in 9°31 8°892 9°42 
jl | 4°36 4534 | 3184 4°18 
jn 6°96 6°863 5806 | 
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to the middle of the black division and not to some other 
point for obvious reasons. 

All the distances were measured parallel to the major axis of 
the ring. In the Washington series they were single distances, 
each set usually containing four; at Madison all are double 
distances, four in each set. 

I may add that it is my experience that the dusky ring is an 
object which requires to be measured under a high magnifying 
power, although it often seems to be better seen with a low one. 
As soon as measures commence, however, the advantages of 
the high power become apparent. 


Observations of Saturn’s Dusky Ring made with the 26-inch 
equatorial at Washington in 1879, and reduced to J=9°5389. 


Date, ; | | Eye- | w ci-lf= 
1879. | of piece Wt. cf—li= 


| | 
opt 10 400 
11 400 
16 | 400 
24 | 400 | 
25 400 | 
26 400 | 
29 600 | 
30 600 
9 


+0714 
+ 0°47 
| +0°62 
+0°38 
+073 
+0°5) 
+0°58 
+ 0°84 
| + 0°53 
+0°22 
+0°77 
+0°10 


ll 
14 | 
20 | 


ey : 


Means, | 7-03 +.0-04) 7°50 40°04 


Washington Observations of 1880 reduced to A=9°5389., 
Date, y “ of 


27°35 
27°62 


+0°10 


4 
“BS 4 |—0-04 
| 4 | +0°26 
Oct. 28-02 4 | —0°28 
10-27-44 27° 4 
5 


| +0°30 
11 27°26 2 ---- || 600) 5 | +0°25 


Means, 27544009 6°56 27604005 692 | 40°10 


* Terrestrial eyepiece magnifying 400 diameters. 


2 
3 
4 
6 
7 
8 
9 = — — 
10 5 7°12 5 600! 
11 737 9 600 
12 6°86 ath 3 600 
13 711 cats 1 T.* | 
No. 
14 
15 
16 
17 
18 
19 
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Observations of Saturn's Dusky Ring made with the 1d}-inch 
equatorial of the Washburn Observatory in 1881 and 1882, 
reduced to A=9'°5389. 


Means, 27°99 + 0°050 6°49 + 0°040 28 0540°041 6°63 40°05] 


No. obs. (7) (11) (11) 


I can say that the Washington observations were made un- 
der good circumstances, with sufficient magnifying powers and 
present a satisfactory agreement among themselves. (Their 
accidental errors are materially less than those of the Geneva 
series.) Also the Madison observations are entirely satisfac 
tory to me. The difference between the two series is so far, 
not explained. A constant difference between the width of 
the rings B and C west and east is uniformly shown in both 
the Geneva and the other series. 

The greater precision of measures having 7 as a terminal 
point will be noticed and it agrees with remarks made in my 
observing books. 

According to M. Mayer 1880; ef—li =+0"'46 
According to Washington 1879: L 0°47 
According to Washington 1880; + 0°10 
According to Madison 1881-2; + 0°18 
It is somewbat remarkable that the four entirely independent 
series of observations agree in giving a value of cf materially 
larger than 7. In the case of my own observations, I have 


* Terrestrial eyepiece magnifying about 240 diameters. This power is too low 
for satisfactory measures. 


20 \Dec. 8 27°81 260 3 cloud’d 
21 | 8 bee 6°35 = 6°66 260 3 | +0°31 
22 9 6°34 6°55 130 3 
23 | 14! 6°52 670 430 2 + 0°18 
24 17 6°62 6°80 130 2 | +0718 
25 18 6°36 6°60 130. 2 94 
26 23 6°47 702 130 5 + 
27 23 6°15 6°15 r.*,5 +0°00 
298 96 6°52 750 + (26 
29 26 27°80 27°88 750 4 + 0°08 
30 | 28 28°35 28°25 750 ] O10 
31 | 30 6°76 6°94 130 2 +018 
32 31 6°83 6°82 130 4 
33 | 3] 27-96 28°05 130 +009 
| 1882 
34 |Jan. 2 27°96 27°98 i30 4 +0°02 
35 3 6°47 6°26 i306 63 10°39 
36 | Ll 28°15 28°26 130) 4 + 
37 |Feb. 6 27°89 28°03 960, 3 
38 | 7 27°83 28°23 3 + 
+ O18 
(18) 
| 
{ 
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been, and I am, somewhat skeptical as to the reality of this 
difference. In a system so complicated as that of Saturn con- 
stant errors may easily creep in. It was for that reason that I 
had constructed in Washington the terrestrial eye-piece which, 
unfortunately, I could use only on two nights. The terrestrial 
eye-piece for Madison is of too low a power for advantageous 
use, and I propose to replace it by one of higher power. By 
using this in connection with the regular astronomical eye- 
pieces, the existence of any personal difference which may 
exist between measures east and those west will show itself in 
the measures themselves, and I propose to carry these on 
until some satisfactory solution of these systematic differences 
is reached. 

So far I have only considered the residuals e/—l, and they 
show a satisfactory agreement throughout my own three series 
and agree with those of M. Meyer. When we come to con- 
sider the absolute values of the things measured the discrepan- 
cies are relatively enormous. For example, ¢f/in 1879 I found 
to be 7’°50+0".04 from thirteen nights, while in 1881 I found 
cf to be +0051 from eleven nights 

I can scarcely believe that even in these delicate measures | 
could make a constant error of nearly 1’’ in are in the measure 
of a distance of 7”. Nor can I accept the explanation that the 
distance ¢f has changed by i” in this time; certainly not with- 
out further proof. My reason for presenting the question in 
this unsolved state is that by so doing M. Meyer's conclusions 
may be examined more closely by those possessing large tele- 
scopes, and as other measures appear to present the same anom- 
alies, certainly I shall endeavor to present further evidence on 
this point. 

I do not believe that the difference in the telescopes employed 
has anything material to do with the difference in results. The 
edges of ring C were well seen in both telescopes. 

I add a few measures of the position of belts on Saturn’s sur- 
face made in 1878. I did not continue these measures longer 
as no useful result seemed to be promised. 
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Washington measures of Belts on Saturn. 


! 
| 
Date, 1878. | Wash. m. t. 


bo. 


Sept. 


Oct. 


bo bo 


N. B.—The measures in columns A and B are as follows: A=distances of the 
south edge of the bright equatorial belt of Saturn’s southern hemisphere from the 
major axis of the ring; and B=distance of the center of the dark band in Saturn’s 
northern hemisphere from the major axis of the ring. 


I may add here that I have recently reduced the Washington 
observations of the position angle of the major axis of Saturn’s 
ring and determined the inclination of the plane of Saturn's 
ring to the plane of the orbit of Saturn. The observations 
were made on seventy-seven nights in the years 1877, 1878 
and 1879 which were favorable for this purpose. The 26-inch 
equatorial, the filar micrometer and eye-pieces magnifying 
from 400 to 800 times, were employed. The reductions have 
been made by Bessel’s rigorous formulz given in his Abhand- 
lungen, vol. i, p. 321. The quantity sought is 7’, which is the 
inclination of the plane of Saturn’s ring to the plane of Saturn’s 
orbit; the results are as follow: 

From the forty observations of Professor Hall we have for 
1877°948=1877, Dec. 11; #=26° 38’ 47’41'37. The probable 

error of a single observation is +8'°6. 

From the thirty-seven observations made by me we have for 
1878°771=1878, Oct. 8; 7’=26° 57’ 2”4+1'69. The probable 

error of a single observation is +10'°3. 

Bessel’s twenty-two observations give 
1818°726=1818, Sept. 20; #=27° 0'9"4-5'2. The probable error 

of a single observation was +24''1. 

I have not combined the results obtained by Professor Hall 
and myself since the observations of October 18, 14, 1877 and 
of November 13, 14, 1878, show that they are not comparable. 
My observations agree with those of Bessel within the limits 
of the probable errors. A comparison of the observations of 
Professor Hall with Bessel would indicate a diminution of the 
inclination since 1818. 


Washburn Observatory, University of Wisconsin, 
Madison, 1882, January 31. 


| h é 
mm 10 30 | Is 4°6 
17 | 10 40 | 5:2 
19 10 50 | 5°] 
8 | 10 50 
14 | 9 30 
21 | 8 30 6 a4 
f 25 9 18 | 6 4°7 
26 9 36 43 
i Nov. 5 10 44 2°8 5'4:: 
4 
if 
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Art. XLVI.—Jnterference Phenomena in a new form of Refrac- 
tometer ; by ALBERT A. MICHELSON. 


IN an experiment undertaken with a view to detecting the 
relative motion of the earth and the luminiferous ether (Am. 
Journal of Science, No. 128, vol. xxii,) it was necessary to pro- 
duce interference of two pencils of light, which had traversed 
paths at right angles with each other. This was accomplished 
as follows: The light from a lamp at a, fig. 1, was separated 
into two pencils at right angles, bc, bd, by the plane-parallel 
glass b, and these two pencils were returned to ) by the mirrors 
c and d, whence they coincided along be, where they were 
viewed by the eye, or by a small telescope at e. 

It is evident that, so far as the interference is concerned, the 
apparatus may be replaced by a film of air whose thickness is 
bc—cd, and whose angle is that formed by the image of d in 3, 
with 

The problem of interference in thin films has been studied 
by Feussner, but his equations do not appear to give the ex- 
planation of the phenomena observed. In particular, in the 
“Annalen der Physik und Chemie,” No. 12, 1881, on page 558, 
Feussner draws the conclusion that the interference fringes are 
straight lines, whereas, in the above described apparatus they 
are in general curves: and there is but one case—that of the 
central fringe in white light—which is straight. 


Fig, 1. 

_IT have therefore thought it worth while to attempt the solu- 
tion of the problem for a film of air, for small angles of inci- 
dence and neglecting successive reflections; and though the 
solution is not perhaps adapted to the general problem, it 
accounts for all the phenomena observed in the special case. 

_ Let Om,, Om,, fig. 2, be two plane mirrors whose intersec- 
tion is projected at O, and whose mutual inclination is g. The 
illumination at any point, P (not necessarily in the plane of 
the figure), will depend on the mean difference of phase of all 
the pairs of rays starting from the source and reaching P, after 


P 
d 
» m, 
me 
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reflection from the mirrors; a pair of rays signifying two rays 
which have originated at the same point of the source. 

If the area of the luminous surface is sufficiently large the 
illumination at P will be independent of the distance, form, or 
position of the surface. Suppose, therefore, that the luminous 
surface coincides with the surface Om,. Its image in Om, will 
also coincide with Om,, and its image in Om, will be a plane 
surface symmetrical with Om, with respect to the surface Om,, 
and for every point, p, of the first image there is a correspond- 
ing point, p’, of the second, symmetrically placed and in the 
same phase of vibration. Suppressing, now, the source of light 
and the mirrors, and replacing them by the two images, the 
effect on any point, P, is unaltered. 

Consider now a pair of points pp’. Let & be the angle 
formed by the line joining P and p (or p’) with the normal to 
the surface; # and ¢ being both supposed small, 

4=Pp'—Pp=pp’. cos 

The difference between this value of J and the true value is 


2Pp. sin’! where ¢ is the angle subtended by pp’ at P. If # 


is a small quantity, ¢ is a small quantity of the second order, 


and sin’ 5 a small quantity of the fourth order; conse- 


quently 2Pp sin* = may be neglected. We have therefore, to 
a very close approximation, J=pp’ cos J; or, substituting 2¢ for 
pp’, 2t being the distance between the images, at the point 
where they are cut by the line Pp, 
4 = 2t cos 

Let cdef, c’d’e’/’, fig. 3, represent the two images, and let 

their intersection be parallel with cf, and their inclination be 


Fig.3 


2g. Let P be the point considered ; P’, the projection of P on 
the surface cde/; and PB, the line forming with PP’ the angle 
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3. Draw P’D parallel to cf, and P’C, at right angles, and com- 
plete the rectangle BDP’C. Let P'PC=iand DPP’=6. Let 
PP’=P, and the distance between the surfaces at P’=2¢, We 
have then 
t=t,+CP”’. tan p=t,+P tan ~. tan and 
4=2(t,+P tan tan cos or 
2 (¢,+ P tan p tan 
1+tan?i+tan’é 
We see that in general J has all possible values, and therefore 
all phenomena of interference would be obliterated. If, how- 
ever, we observe the point P through a small aperture, ab, the 
pupil of the eye, for instance, the light which enters the eve 
from the surfaces will be limited to the small cone whose angle 
is 4Pa, and if the aperture be sufficiently small the differences 
in J may be reduced to any required degree. 

It is proposed to find such a distance P, that with a given 
aperture these differences shall be as small as possible, which 
is equivalent to finding the distance from the mirrors at which 
the phenomena of interference are most distinct. The change 
of J for a change in @, is 


(1) 


tan 6 
64 2(¢,+P tan pm tan 
(1+tan® 7+tan, 4)3 
The change of J for a change in 7, is 
P tan 
(I+ +tan*i+tan® 
+tan?/+tan? 


5A 
4 =O we have 6=0 (or 4=0). 


od 
=0 we have (1+tan? 7+tan? 4) Ptan 


=(t, +P tan ptan tan or 


t 
(1 +tan? 0) Ptan p=t, tan 7, whence P= tan cos? 6 


Hence the fringes will be most distinct when 0=0 and when 


tan 

This condition coincides nearly with that found by Feussner. 
If the thickness of the film is zero, or if the angle of inci- 
dence is zero, the fringes are formed at the surface of the mir- 
rors, If the film is of uniform thickness, the fringes appear at 
infinity. If at the same time g=0, and i,=0, or <=0 and 
y=0, the position of the fringes is indeterminate. If i has the 


(2) 
tan tanZ 
cos? (3) 
. 
{ 
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same sign as ¢, the fringes appear in front of the mirrors; if 7 
has the opposite sign, the fringes appear behind the mirrors. 
To find the form of the curves as viewed by the eye at E, 
let SE=D; call T the distances between the surfaces at E’, the 
projection of E. From P draw PR parallel to DP’, and RS at 
right angles, and let RS=c. We have then ¢,=T+c tan ¢, 
whence, substituting for c its value D tan 7, 
+(D+I ) = i (5) 
4/1+tan? i+tan? 6 


If on a plane perpendicular to EE’ at distance D from E, we 
call x distances parallel to P’C, and y distances parallel to P’D, 
reckoned from the projection of E on this plane, then, putting 
tan g=K and D+P=S, we have for the equation to the curves, 
as they would appear on this surface to an eye at E, 


8Ke 


Aty? = (482K? — 4?)e2 


or 


If, numerically, 
4<2SK the curve is a hyperbola, 
4=2SK the curve is a parabola, 
4>28SK the curve is an ellipse, 
K=0 _ the curve is a circle, 
4=0 _ the curve is a straight line, 


All the deductions from equations (4) and (6) have been 
approximately verified by experiment. 

It is to be observed that in the most important case, and 
that most likely to occur in practice, namely, in the case of the 
central fringe in white light, we have J=0, and therefore also 
t=0; and in this case the central fringe is a straight line 
formed on the surface of the mirrors. Practically, however, it 
is impossible to obtain a perfectly straight line, for the surface 
of the mirrors is never perfect. 

It is to be noticed that the central fringe is black, for one of 
the pencils has experienced an external, the other an internal 
reflection from the surface 4, fig. 1. This will not however be 
true unless the plate g (which is employed to compensate the 
effect of the plate 4) is of exactly the same thickness as b, and 
placed parallel with 4. When these conditions are not ful- 
filled, the true result is masked by the effect of “ achromatism” 
investigated by Cornu (Comptes Rendus, vol. xciii, Nov. 21st, 
1881). This remark leads naturally to the investigation of the 
effect of a plate of glass with plane parallel surfaces, interposed 
in the path of one of the pencils. 
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The effect is independent of the position of the glass plate, 
provided its surface is kept parallel with the corresponding 
mirror. Suppose, therefore, that it 
is in contact with the latter and let 
ed, fig. 4, represent the common 
surface. Let ¢=Ai= thickness of 
the glass, i=angle of incidence, r= 
angle of refraction, n=index of re- 
fraction, A= wave-length of light. 
Let ef represent the image of the 


. hk 
other mirror, and put n= 


It can be readily demonstrated 
that the path of the rays in the Figs 4. 
instrument is equivalent to that 
given in the figure, where one of the rays follows the path 
gnmh, and the other the path ro/h, Suppose the mirrors cd 
and ¢f parallel. Then as has been previously shown, the 
curves of interference are concentric circles, formed at an 
infinite distance. Therefore the rays gn, ro, whose path is to 
be traced, are parallel, and from the point h they coincide. 
Their difference of path is 2xm—2h/—op, and their difference 
of phase is 
2t.n 
Acosr 


2t 
—-~(n, tani—tanr) whence 


A 
cos i—n cos (7) 


Let it be proposed to find the value of x, which renders any 
particular ring achromatic. The condition of achromatism, as 
dp 


aA 0, which gives 


given by Cornu, is 


dr 


dn 
cos 7 ——n sin? —. — 
dn’ dA 
sin dr sin? 
=; whence — ., whence 
sin? dn sin 7 cos 7 


We have 


2t dn 
cosr dA 
as 


, dn 2a 
By Cauchy’s formula we have whence 


/ 
— 
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, 9 
we have g——— =0 or 
A3 cosr A? cosr 


cos? 7 


ii 


or finally, 
cos cos 7 


9 
4,00 r (8) 
COs COS 7 

If the angle zis small, the value of x, will vary very little 
with 7, consequently there will be a large number of circles all 
nearly achromatised. Under favorable circumstances as many 
as one hundred rings have been counted, using an ordinary 
lamp, as source of light. The difference of path of the two 
pencils which produce these rings in white light may exceed a 

thousand wave lengths. 


ArT. XLVII.— On two New Minerals, Monetite and Monite, 
with a notice of Pyroclasite; by CHARLES UPHAM SHEPARD; 
with analyses, by C. U. SHEPARD, Jr. 


THE specimens here described were sent to us by Mr. John 
G. Miller of Ottawa, to whom Canadian mineralogy owes so 
many mineralogical discoveries. They came from the Twin 
islands, Mona and Moneta, which are situated forty miles from 
the port of Mayaguez, Porto Rico, W. L ; 

1. Monetite—The Moneta mineral, which we call monetite 
from its locality, is accompanied by two ater species ; all of 
them, however, have originated together in a guano-formation. 
The prevailing rock of the island is ae Bet a Tertiary marine 
limestone, which at the top of the ground has been coated with 
bird-guano. The soluble ingredients of this investment, in 
percolating the highly porous strata, have been thrown down 
in their transit in the metamorphosed combinations now met 
with, lining the walls of cavities in the formation. 

The material supplied came from one of these caverns. The 
specimens present a remarkable feature, as compared with the 
stone-guanos of the West Indies. ‘The latter are usually 
uncrystalline, more or less compact, heterogeneous in their 
composition ; and contain considerable traces of organic matter. 
They very rarely present dissociated simple minerals; but 
rather constitute what are called rock-aggregates. The exam- 
ples from Mona, on the contrary, are almost wholly made up 
of distinctly separate mineral species, for the most part are 
erystallized, and as free from organic impregnation as if 
derived from, trap or granite. The most abundant species in 
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the specimens received, is the monetite which sometimes forms 
isolated patches, half the size of one’s hand. The second con- 
stituent of the masses is a snow-white gypsite, either crystal- 
lized, fibrous or pulverulent; while the remaining one is calcite, 
in well-formed, semi-transparent crystals. No alumina or oxide 
of iron is present in the aggregate. 

The monetite, besides occurring in thick isolated masses as 
above mentioned, also forms irregular seams through the gyp- 
site; and shows itself likewise in thick crusts, lining irregular 
shaped cavities. More rarely, it presents itself in botryoidal 
shapes, with rough crystalline surfaces. But under all circum- 
stances, it is an highly crystalline mineral. 

Mineralogical description.—-Primary form,* right oblique angled 
prism. M on T about 148° as determined approximately by 
the common goniometer. Secondary forms, terminal and acute 
lateral edges replaced by single planes, the former generally 
very narrow. Height of prisms less than one-third their longest 
breadth ; sometimes much less. Greatest length of crystals 
between 75th and gjth of an inch. They exhibit numerous 
irregular surface indentations, but are without strize or curva- 
tures. They cross and interpenetrate each other in several 
directions, some of the groups suggesting a regular composition 
of individuals. Though exhibiting frequent rifts, the cleavage 
is indeterminate. Fracture, uneven. Luster, vitreous. Semi- 
transparent. Color, pale yellowish white. Hardness =3'5. 
Gravity =2°75, which is a little below the actual, from the 
impossibility of wholly clearing the crystals of the mealy white 
monite and gypsite by which they are more or less coated. 

Before the blowpipe, heated in a glass tube, turns white and 
evolves moisture, but unattended by odor. In the platinum 
forceps, turns white and melts into a globule with crystalline 
facets. 


Analysis. 
Mean. 
40°255 
Phosphoric acid ........ 44° 47-100 
Sulphuric acid 4°550 
Water 8°175 


100°00 100°16 100°080 


4°55 per cent sulphuric acid calls for 3°185 per cent lime 
and 2047 per cent water; thus constituting 9°782 per cent of 
gypsite. The mineral lost 0-2 per cent of moisture on drying 
it several hours at nearly 100°C. Subtracting the above con- 
stituents we have: 


* See also the note on the crystalline form by E. 8. Dana, on p. 405. 
+ The water in the first analysis was estimated by difference. 
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90°098 


And raising the above figures to 100, we have as the com- 
position of the monetile, 


Phosphoric acid 
Water 


100°00 


Dividing the above percentages by the respective molecular 
weights, we have: 


Phosphoric acid... 52°28 + 142 = 0°368 
Lime 41°914— 56=0°735 
658 — 0°366 


or very nearly, as 1 phosphoric acid: 2 lime: 1 water. This 
would require the formula zCaO, H,O, P,O, (or CaHPO,), as a 
comparison of the calculated and obtained results will show. 


Calculated. Found. 
52°28 
41°14 

6°58 


100°00 100°00 


Monetite is a crystalline dicalcie hydric-phosphate, or dicalcic- 
ortho-phosphate, differing from that artificially prepared (by the 
action of calcic chloride on disodic-hydric-phosphate), in not 
possessing water of crystallization as does the latter—(PO,H), 
Ca,+2H,0. 

2. Monite.—Intimately associated with the monetite, above 
described, is a hydrated tricalcic phosphate, resembling in color 
and density the more friable varieties of kaolinite, and which 
we propose to designate monite, after one of the islands where 
it is found. It has the following characters: 

Massive, slightly coherent, impalpable and wholly uncrystal- 
line; snow-white, fracture earthy, dull; hardness, below 2, 
gravity 2°1 (approximately). B.B. melts with difficulty to an 
opaque, white enamel of feeble luster. In closed tube emits 
much moisture. 


402 

Phosphoric acid. 
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A nalyses, 
Mean. 
P.O, 40°39 39°44 39°75 39°86 
CaO 49°51 5O15 
SO, 257 1°75 2°16 
HO 7°56 7°56 
Deducting 99°73 
216 SO.=1°5) CaO=0°97 H,O=gypsite, 4°64 


5 


95°09 
Raised Molecular Approximate 
Remaining. to 100, weights. ratios. 
P.O. 39°86 41°92 142 = 0°295 | 
CaO 48°64 5115 56 = 0918 
HO 6°59 6°93 18 = 14 


95°09 100°00 


Or corresponding to Ca,P,O,4+H,O with some slight excess of 
moisture, probably hygrometric. 

The two minerals, monite and monetite, are much inter- 
mingled, constituting together three-quarters of the variously 
sized masses, whose remaining quarter consists of gypsite and 
calcite, the latter however in isolated patches and in much the 
least proportion. The remarkable feature of the aggregate as 
coming from a stone-guano formation, consists in the entire 
absence (in masses, half a foot in thickness), of all traces of 
organic matter. The monetite is the most abundant species, 
sometimes occupying areas several inches long by one or two 
broad; and inasmuch as its crystals are confusedly aggregated 
and rather sharp, the specimens are exceedingly rough to the 
touch. The interspaces between the crystals occupy as much 
room as the crystals themselves; and are more or less filled 
with the monite. When the intervals are completely occupied 
with the latter, the aggregate is often arranged in imperfect 
layers, separated by intervals of about one-sixth of an inch, 
filled by the monite. A cross-fracture of such masses displays 
an obscurely banded appearance. Rarely the monetite presents 
globular concretions, with a sub-fibrous structure. It is also 
sometimes granular, but when pure it is rarely impalpable. 

The associated gypsite is white, in small shining erystals, in 
coarse fibrous individuals, small globules, fine granular and 
pulverulent. The calcite is in distinct, semi-transparent crys- 
tals, having the form of acute rhomboids, analogous to those 
resulting from the slow evaporation of brine-waters. The pres- 
ence of silica, or some insoluble silicate is detected in the analy- 
ses of the aggregate only, where it varies from 0% to 2° per cent. 

Am. Journ. Sci.—Tuinp Serigs, VoL. XXIII, No. 137.—May, 1882. 
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Pyroclasite.—As the series of specimeus sent were said to 
have been from caves, which abound at these islands. it would 
uppear that their contents originated in percolations across 
the Tertiary strata. Indeed. examples of the lime-rock are 
mnong the collection, evincing the progress of metamorphosis 
from the unaltered calcic carbonate, to entire calcic phosphate. 
Wherever the solutions in their descent encountered caves or 
open joints in the strata, stalagmite and incrustations would 
result. Several specimens of these were among the collection 
sent. They strongly resemble the impure stalagmites of our 
limestone caves. Portions of the guano-stalagmite are singu- 
larly in the shape of mushrooms: and must have occupied the 
surface of the floor-crust. When broken, their structure is seen 
to be concentrically laminated, and not fibrous. In color they 
are brown, intermingled in spots with ash-gray, suggestive of a 
composite constitution. Other masses appear to have come 
from the floor stratum itself; and are hard and compact, 
with a subeonchoidal fracture, like the monetite and like some 
varieties of opal. Its color is brown, though much darker 
and occasionally almost black. It is tmoreover variegated 
with ash-gray. “The specific gravity is 2°62-2°65: hard 
ness, 3-4°0. B.B. it decrepitates, emits a decidedly organic 
odor, turns white and fuses, but less easily than monetite, Lo 
i white, shining enamel, Heated in a glass tube, it decrepi 
tates. with liberation of much water and strong empy reumatic 
odor. The subjoined analyses give its chemical composition. 


Robertson Shepard Mean results 
P.O, (total) 40°81] 
CaO {0°27 39°98 t0°125 


Phosphate iron and alumina 2°90 


Insoluble 
Water and loss on ignition 9°76 org] 


Deduct gypsite 14°670 
phosphates iron and alumina 2°900 
sof loss by ignition, as organic 2°422 


2O'R4; 
79°278 
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This raised to 100 gives 
Calculation requires 
P.O 38°08 49°30 > 142 = 0°347 49°05 
CaO 44°59 56 = 0°796 44-06 
H.O 6 18 = 6°29 


100°00 100°00 


Admitting the following formula: 
3(Ca, +Ca,P,O,+H,0. 


The substance above analysed is undoubtedly identical with 
that from Monk’s Island (Caribbean Sea) described in 1856, in 
this Journal, vol. xxi, p. 97, and named pyroclasite, from its very 
striking property of decrepitation when heated.* Whether it 
forms a true mineral species must depend upou more extended 
examinations. The analyses given favor the idea of its being 
an uniform compound of monetite and monite. It may, how- 
ever, prove only a mechanical mixture of the two. Whether 
chemical or mechanical, it is eminently prone to admixture with 
gypsite, aluminum and iron phosphates, silica and organic 
matter, constituting the important phosphatic rock of the West 
Indies and South Carolina. 

It may be added in conclusion that the collection embraced 
several specimens of antillite, which is identical with the 
trappean rock mentioned in connection with the pyroclasite of 
Monk’s Island. 


* An associated mineral which I then examined and called glaubapatite is 
essentially the same thing; the soda found therein having without doubt been 
owing to the damaged state of the cargo from which it was taken. The vessel 
that brought it to this place was bound for Baltimore; but was compelled, from 
damage at sea, to put into this port. The sulphuric acid found in the mineral was 
erroneously dosed with soda instead of lime. With the correction of these errors 
of analysis I desire to withdraw the name glaubapatite. The mineral to which 
it Was given comes under pyroclasite. 

Note on Crystals of Monetite-—The crystals of monetite placed in my hands 
way with tolerable certainty be referred to the triclinic system. The general 
form is that of a rather thin rhomboid. The longer lateral edge is replaced by the 
plane 100 (a), and the shorter by the hemi-prism 110 (/); there are also present in 
this zone the brachypinacoid 010 (6), and two other hemi-prisms hko (m and x) 
between 100 and 110, and a third /ko (1) on the other side of 100. The top of the 
tabular crystals is formed by the basal plane 001 (¢) which is rough and uneven, 
and the edge behind, between a and ¢, is replaced by a dome 101 (e). The angles 
measured with a reflecting goniometer ave only roughly approximate, and would 
not justify an attempt to calculate the axial ratios and inclinations. The supple- 
ment angles are: (100 .110)=42°, ab (100.010) =81°, amw=17°, an=28, 
uwl=18°, ac=76°, ae (100. 101)=138°. There appears to be a distinct cleavage 
parallel to a. The crystals often interpenetrate each other, forming complex 
groups, but there is no uniform law of composition.--E. 8. Dana. 


Charleston. Feb. 18. 1882 
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Art. XLVIIT.— Notice the remarkable Martie Fauna OCCUPY 
the outer hanks off the Souther n Coast of Ne and. No. 
by A. E VERRILL. (Brief Contributions to Zoology 
tile the Museum of Yale College: No. LIL) , 


arasmilia Lymant Pourtales.— Remarkable modes of growth 
and repurr. 


POURTALES mentions that in this cup-coral the young bud 
out from the inside of the parent-calicles and burst them. by 
their normal growth. So that, afterwards, they remain at 
tached to fragments of their own parents. This is probably 
an erroneous explanation of facts identical with some of those 
that I have observed. We have dredged this coral in con- 
siderable numbers, and of larger size than those deseribed and 
figured by Pourtales. In each loc: ality woes, all the specimens 
are attached, at base, to the inner surface of fragments, more 
or less old and discolored, of the same oe as observed by 
Pourtales. Moreover, we have been able to collect a series 
sufficient to fully demonstrate that all these cases are instances 
of buds arising from the inner or septal surfaces of such speci- 
mens as have been accidentally broken or crushed. The coral 
is very fragile and has a tendency to split longitudinally into 
wedge- ‘shaped segments when it breaks. Eac h fragment then 
has the power of developing from its still living internal tis 
sues, and especially from the membrane (endoderm) covering 
the septa, one or more buds, which then grow up into cornu- 
copia- -shaped cups, like the parent. In many specimens a 
single large bud will start from near the distal end of a large 
piece; such a bud will grow up into a regular, more or less 
curved, circular or elliptical cup, with a thick base, continuous 
in part with the original fragment; the costae and septa of the 
old fragment are perfectly coincident with the costa and septa 
of the new coral on the outer or marginal side; examples of 
this kind, in all stages of development, were taken; one of 
these buds is 14" broad at base and 17™ high on the proxi 
mal side, 7™” high on the distal side; another is 13™ broad at 
base and 23™ high; another is 10™ broad at base, 22™" high, 
the circular calicle 14™" broad: another is 6™ broad at base. 
44™" high, the elliptical calicles 20 by 25™™. In several cases 
two buds starting close together, from a single fragment, 01 
from two imperfect] separated pieces, have grown together 
more or less completely, so as to produce a double ealicle, the 
two halves either equal or unequal, and separated by a con 
striction, but with two septal centers and columella, and two 
distinct mouths. The largest example of this kind is 50°" 
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high, the two calicles together, 40" across, each one about 
20 broad. In one instance the base of a good-sized cup has 
been broken off, where about 6™™ in diameter; from the broken 
and ragged ends of the septa thus exposed three buds have 
started out, each 8 to 4" broad, with 24 to 36 septa; the old 
calicle appears to have been unaffected. In another instance i 
calicle that bad developed, as usual, from a fragment, after it 
had grown 22™" high was itself badly injured, so that half of 
the interior of the calicle died, but was not broken, but from 
the other half a large bud arose, nearly filling the old calicle 
by its new growth, and soon becoming larger than before the 
injury, so that on one side the cup is nearly regular and the 
cost continues to the base, while on the other side the edge 
of the old calicle, with the old septa in place, appears in high 
relief, at about mid-height of the cup: in this case we have, as 
it were, three generations shown in one specimen; this exam- 
ple is 45°" high, the ealicle 25°" broad. One of the most re- 
sateable e xample s is a large cup, 50™" high and 28™™" broad, 
in which the inner margin ‘and distal portion of the septa are 
discolored, indicating that the soft parts within the edge of the 
calicle, and probably the tentacles, disk and stomach had been 
destroyed by access of mud, or some other accident, while the 
parts farther within the deep cup, or at least the membranes 
there covering the walls and septa, remained alive; from the 
edges and surfaces of the septa over thirty small buds have 
started out, varying in size and degree of development; the 
greater number form a partial cirele, 10 to 12™" from the mar- 
gin, but others are scattered over the more interior parts of the 
cup, even to very near its base, the columella being nearly 
absent; the larger of these buds are about 5™" in diameter, 
but some are not more than 2™", and many are just beginning 
to appear, and have slight walls and septa only on one side. 
In all cases the still living edges of the old septa serve as 
some of the septa of the new growth. 

A tumber of large specimens were dredged, off Chesapeake 
Bay, in 57 fathoms (station 899) by Lieut. ZL. Tanner, on the 

‘Fish Hawk,” Oct., 1880. It was dredged by our party, on 
the “Fish Hawk,” off Martha’s Vineyard, in 100 to 130 
fathoms (stations 940, 949 and 1040), in 1881. It was more 
common and largest at station 940, in 180 fathoms. Off 
Florida,—Pourtales. 

In speaking of Flabellum Goode: (p. 318), 1 have mentioned 
that it also has this same mode of budding from the inner sur- 
face of the fragments. Some of these phenomena have been 
noticed in other deep-sea corals, though not explained in the 
same way. Probably this will, hereafter, be found to be a 
common mode of increase in the case of various fragile cup- 
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corals. Indeed, | believe that the same explanation will appl 
to some of the ancient eyathophylloid corals, in which buds 
arise within and appear to destroy and supplant the parent 
ealicle. Instead of such buds being the cause of the death of 
the parent-polyp. as has been supposed. I believe them to be 
due to the result of injury and the consequent effort of the 
tissues to retarn and repair injuries. 


Restoration of the disk fi Ophinrans, 


That Ophiurans restore their rays with remarkable facility 
when broken, or entirely lost, is well known, In examining 
a large series of Amphiura abdita V., collected in the harbor a: 
Noank, Conn., among eel-grass (Zostera), in 1874. found 
several specimens in which the entire dorsal disk, with the 
contained viscera. had been lost and more or less restored, 
showing the various stages of the process. The dorsal disk of 
this species is soft and swollen, and is very easily detached. 
The arms are exceedingly long and slender and subject to fre 
quent restorations. In some of the examples in which a new 
disk was forming, the sears are still plainly visible, on the 
bases of the arms, showing where the disk had been toru 
away, and its former size. In some of these the new disk, 
though perfect in form, had not grown to more than one-third, 
or one-half the diameter of the old one: in others it) was 
nearly completed. These small disks connected with the full 
sized arms and jaws of the adult, give such specimens a very 
peculiar appearance. At first I mistook some of these for the 


genuine young.* But a more careful examination easily re 
vealed their true nature. 

In the same jot were specimens tu which a portion of the 
edge of the disk, with one or two of the arms, had been de- 
stroyed, and afterwards restored. In a few instances two arms 
had grown out, in place of one. 


*It is quite probable that Amphiura macilenta V., described iv the February 
number of this Journal. p. 142, is really the true young of A. abdita. There are 
no genuine young of the shallow-water form known to me. The restored speci- 
mens, with small disks, appeared so different that. uutil I discovered their tru: 
nature, the identity of the two forms did not seem to me possible 


ERRATA. 
Page 309, line 26, for Ballicina, read Balticinu 
Page 313, line 7 from bottom. for S. 0. Sars, read ty. 0. Sars 
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On the determination of Gas-densities. —GOLDSCHMIDT and 
Vieror Meyer, having occasion to make a series of determinations 
of the density of cyanogen gas at various temperatures, contrived 
for this purpose a simple method. The gas vessel is filled first 
with pure dry air at the temperature at which the determination 
is to be made. Then this air is displaced by a current of hydro- 
gen chloride gas, collected over water and measured. Next the 
hydrogen chloride is displaced by air. After this the gas to be 

examined is passed through until all the air is replaced by it. 
This gus is again displaced by hydrogen or air and collected in a 
potash bulb filled with a liquid whic h absorbs it completely. The 
increase of the weight of the bulb gives the weight of the gas. 
The weight of the vessel full of air and of gas heing now known 
for the given temperature the density is easily obtained, The 
apparatus consists of a eylinder of glass 200" high, 30"™ diame- 
ter, with capillary tubes attached to the ends, rising considerably 
above the upper end of the cylinder and there bent each at right 
angles. This vessel is heated in a glass tube slightly bulbous 
at bottom, 400" high and about twice the diameter of the inner 
tube, containing the liquid whose boiling point is the tem- 
perature of measurement. Water, aniline, amy! benzoate and 
diphenylamine are used in the glass outer vessel ; but at tempera- 
tures of boiling sulphur or phosphoric sulphide, the inner vessel is 
spherical and the outer one of iron. Carbon dioxide and hydrogen 
chloride gases gave in this apparatus densities of 1°53 and 1°26 
respectively. The apparatus may obviously be used as an air 
thermometer; and the authors determined the boiling point of 
sulphur as 426° C.— Ber. Berl. Chem. Ges., xv, 187, Feb., 1882. 
G. F. B, 

2. On the diffusion of Solids into Solids. —Co.son has observed 
that if an iron plate is heated in lampblack not only the carbon 
penetrates into the iron, converting it into steel and then into cast 
iron, but also considerable quantities of iron diffuse into the car- 
hon. HH the heating be sufficiently prolonged, this diffusion may 
he shown to take pl: we even at 250° Ifa piece of piano wire, 
imbedded in lampblack, be heated to redness in the reducing 
flame, it loses weight. Platinum under these circumstances shows 
no change. Since platinum does vet combine with carbon, it 
appears that a diffusion occurs between solids only when they ean 
react on one another. Pure silver loses weight ‘when heated in 
pure dry alkali-chloride. But the product darkens on exposure to 
light; hence silver chloride must have been formed, free alkali 
having been produc ‘ed by the oxygen of the air, If a polished 
piece of artificial iron sulphide be heated on a plate of copper ina 
current of CO, small quantities of sulphur go from the iron to the 
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copper. If a piano wire be heated in a crucible lined with carbon 
and filled with lime, the wire increases in weight and shows on 
analysis the presence of calcium.— (C. R., xciii, 1074. G. F. 

3. On the production of Active Oxygen.—Tracse has summed 
up the conclusions upon the production of active oxygen to which 
he has been led by his experiments. He finds (1) that hydrogen- 
palladium, agitated with water and oxygen (or air) produces im- 
mediately and abundantly hydrogen peroxide ; 2) that the oxi- 
dizing action of hydrogen- palladium in presence of oxygen and 
water, is not a direct one but depends almost entirely upon the 
hydroge n peroxide thereby produced; (3) that only ina single 

‘ase has he observed the oxidizing action of hydroge n-pall dium 
to be different from that of hydrogen pe woxide: iodide of potas- 
sium and starch, which is not blued by H,0,, is blued at once by 
the hydrogen-palladium and oxygen ; evidently by the carrier- 
action of the palladium tr ansferring oxygen from the hydrogen 
peroxide to the potassium iodide; (4) that the e xperimeuts prove 
positiv ely, in opposition to the view of Hoppe-Sey vier, that nascent 
hydrogen cannot produce active oxygen from ordin: ary oxygen by 
splitting its molecule: and (5) that the frequent production of 
hydrogen peroxide in processes of oxidation is no evidence of the 
simultaneous presence of active oxygen, because in Opposition to 
the common view, the peroxide is never produced by the oxida- 
tion of water by active oxygen. It is a reducing action which 
produces it even when the process in general is one of oxidation, 
Thus for example when zine is agitated with water and oxygen, 
there is produced, beside zine hydrate, also hydrogen peroxide. 
But no active oxygen is formed, the molecule of oxygen not being 
split, but the molecule of water, its oxygen combining with the 
zinc to form the hydrate, its hydrogen uniting directly with the 
oxygen molecule to form hydroge n peroxide, Kear" 


Zn+(H,O) 0.=%n(OH), 
O—H 
Hydrogen peroxide is produced by the union of a molecule of 
oxygen with two atoms of hydrogen. By analogy with other 
bodies produced by reduction, ¢. ¢., assumption of hydrogen, it 
might be called reduced oxygen, It behaves toward common 
oxygen as indigo-white to indigo-blue.— Ber. Berl. Chem. Ges., 
xv, 222, Feb., 1882. G. F. B. 
4, On the so-called Persulphuric ovide of Berthelot.—Since ly 
the mode of its production as well as by its reactions and proper 
ties, the body discovered by Berthelot, and called by him persul- 
phuric oxide, resembles the peroxides, such as IH. O, , BaO.,, ete.. 
MENDELEJEFF prefers the name sulphur peroxide for it. The 
bodies MnO, and PbO,, which form salts, he would call dioxides 
only. The blue Cr,O,, the highest stage of oxidation of chromium 
must be viewed as chromium peroxide, or chromy! pe -roxide. 
According to the author’s view, an element, according to its char- 
acter, gives cither basic or acidic oxides which possess the prop 
erty of forming salts corresponding to the water type, and aceord 
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ing to which the so-called valence of the elements or their position 
in the system, is determined. Only after the production of the 
oxide forming the highest salts, can the element yield a peroxide 
of the type of hydrogen peroxide. There is no ground for the 
assumption that hydrogen, barium, ete., can give still higher stages 
of oxidation, and then perhaps yield acidic oxides. Sulphur per- 
oxide confirms this view completely and leads to the expectation 
of the discovery of similar peculiar peroxides with many of the 
other elements.— ber. Berl. Chem, Ges., xv, 242, Feb., 1882. 
G. F. B. 
5. On the production and properties of metallic Casium.— 
SETTERBERG has worked up the tons of alums obtained in Mar- 
quart’s laboratory as a by-product in the preparation of lithium 
salts from lepidolite, with a view to obtain larger quantities of 
the salts of cwsium and rubidium and if possible metallic caesium 
itself. Three or four hundred weight of the alums were dissolved 
in so much water that at the boiling temperature, the liquid 
marked 20° B. The solution was decanted and allowed to stand 
12 to 14 hours, The mother liquid contained no trace of czesinm 
or rubidium salts but the crystals were rich in these metals; the 
author having found that each of the different atums is insoluble 
in saturated solutions of the more soluble ones. Hence so long as 
the solution of the alums was saturated with potassium alum it 
contained scarcely a trace of the other alums; and the solution 
showed no trace of cesium, so long as it was saturated with ra- 
bidium alum. By repeating this process the alums were obtained 
pure, Search for other alkali-metals gave a negative result. In 
14 days, Setterberg prepared 40 kilograms rubidium alum and 10 
kilograms cesium alum both pure, At 17° C. 100 parts of water 
dissolved 1°42 parts of rubidium alum and 0°38 parts of cxesium 
alum. For the preparation of other salts, the alums were decom- 
posed with barium hydrate, and the filtrate neutralized with the 
acid whose salt was desired. In this way the acid tartrates and 
the cyanides were prepared. For the preparation of metallic 
rubidium, 1500 grams hydrogen-rubidium tartrate, 150 grams eal- 
cium carbonate and the required quantity of sugar were mixed 
and calcined and the mixture transferred to a mereury flask and 
distilled. The yield was very satisfactory. A kilogram of hydro- 
gen-cesium tartrate similarly treated afforded no result. The 
electrolytic method was then employed first with the chloride and 
then with the cyanide of cesium. Finally a mixture of 4 molecules 
of cesium cyanide and one of barium cyanide was found to give 
a satisfactory result, the metal prepared showing in the spectro- 
scope only a trace of sodium as an impurity. Czsiuim resembles 
closely the other alkali-metals. It is silver-white, malleable and 
very soft at ordinary temperatures. Thrown on water it bursts 
into flame, and swims about on the surface like potassium and 
rubidium. It inflames in the air when not protected. It fuses 
about 26°5°, passing through a pasty condition. Its specific 
gravity is 1°88 at 15° C.— Lichig’s Ann., eexi, 100, Jan., 1882. 
G. F. 
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6. On the metals of the rurer Karths.—The position ot the 
cerite metals in the periodic series of Mendelejeff has been for a 
long time a subject of discussion. Bravner has made a special 
study of these elements with reference to this point. With cerium 
he succeeded in preparing the tetrafluoride CeF , HO, as an amor- 
phous brown powder, and a double fluoride (KE ) (CeF ),(H,0)., 
as a yellowish white crystalline powder, With didymium, he pre- 
pared the hydrated pentoxide Di,O., HO, and also the anhydrous 
pentoxide. The atomic weight of didymium was determined 
146718 and that of lanthanum as 139, Hence the author places 
cerium (atomic weight 141-6) in the fourth group, eighth series, 
didymium in the fifth group, eighth series, and lanthanum in the 
third group, eighth serles, This LCes si, Tt. Zr, Sn. 
Pb and Th; and didymium with N. P, V Cb, Sb and Bi.— 
J, Chem. Soe., xli, 68, 1882. G. F: B. 

7. On the preparation of C'ymene Jrou ntine.—NAUDIN 
h: as pointed out a reac tion by whie he vine ne can he pre pared from 
turpentine with vreat fae lity. If two atoms of ats chlorine are 
absorbed by one molecule of turpentine cooled to —15°, there is 
no sensible evolution of hydrogen chloride but the liquid becomes 
viscous and contains CH Cl. A slight elevation of temperature 
produces decomposition, and cymene and hydrogen chloride distill 
together. If to the mixture } per cent. of phosphorous chloride 
be added, and the temperature be maintained at 25°, a regular 
evolution of HC] takes place until the conversion is complete. 
Washing with water, drying over caleium chloride and reetifica 
tion over sodium, gives pure cymene boiling at 175°, the yield 
being 75 percent. The author has observed that at 100° traces 
of zine dust violently decompose the body oN. U1. Bull. Soe. 
Ch., I, xxxvii, 110, Feb., 1882. G. F. B. 

8. On new from Cinchouna Bark.—In investigating 
the alkaloids of the variety of einchona bark described by Fliicki- 
ger as China euprea, Howarp and Hopextn have obtained an 
alkaloid which appears peculiar to that species. This bark has 
recently been shipped in immense quantities from Buecarramanga 
in the province of Santander, where this tree is said to form whol 
forests. It yields from none up to 2 per cent of quinine, and smal! 
amounts of quinidine and cinchonine. The new alkaloid is in its 
properties analogous to quinine, having a composition nearly 
identical and uearly the same specific rotary power. It differs 
however in the solubility of its salts and in the readiness with 
which it crystallizes from ether. The authors propose for it th 
name homoqguinine. The alkaloid itself dissolves very sparingly 
in ether, 100° dissolving only 0°57 at 12°. Aleohol of 90 per 
cent dissolves 7°64 parts. The ‘alanis resembles that of quinine, 
but the crystals are shorter and appear to contain 6 molecules of 
water. One part of this salt requires more than 100 of water for 
solution. In a5 per cent solution of 90 per cent aleohol the alka 
loid shows a rotation of —158°.—/, Chem. Soc., 66, Feb., 1882. 
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4, On the Coloring matter of the Chinese yellow berries.—Forr- 
STER has examined the Chinese yellow berries used in dyeing (the 
buds of Sophora japonica). The glucoside obtained when treated 
with sulphuric acid yielded 46°84 per cent of a yellow substance 
and 57°56 per cent of isodulcite. This yellow substance was not 
quercetin however; and so the glucoside is not quercetrin. The 
author proposes for it the name sophorin. The glucoside of the 

caper (Capparis spinosa) and of the garden rue (Auta graveolens) 
are apparently identical with quercetrin, yielding quercetin and 
isodulcite when decomposed yy means of dilute sulphuric acid.— 
Ber. Berl. Chem Gres., xv, 214, Feb., 1882. G. F. B. 

10. Macimum of magnetization of diamagnetic and weakly 
paramagnetic bodies.—The researches of Hankel, Rowland and 
others have shown that iron, cobalt and nickel have a maximum 
point of m: ugnetization, Silow has also maintained that a solution 
of chloride of iron possesses a maximum point. H.W. Earon, in 
this paper discusses the various results of different observers : 
coucludes that a solution of chloride of iron does not Possess a 
maximum of maguetization, but increases in permeability in pro- 
portion to the strength of magnetic field (he used from 1 to 7 
Bunsen cells), and doubts whether the use of 30 Bunsen cells 
would show a maximum. Shumeister investigated the maximum 
conditions of water, alcohol, sulphide of carbon, ether, oxygen 
and nitrogen, and discovered apparently a maximum, Eaton 
repeats Shumeister’s observations and maintains that this maxi- 
mum condition does not exist in ordinary magnetic fields. Then 
follows a comparison of the observations of different observers 
which discloses great want of agreement. This discrepancy 
extends also to the various determinations of the diamagnetic 
constant of bismuth. The following table of the results of 
various observers is given: 


Weber (through magnetic influence), 
3 (through electrical influence) 
3. Christie, - 

Toepler and Ettingshausen, 


Rowland and Jacques (in C. GS. units). 


K* principal axis of crystal vertical. 
horizontal. 


— Ann. der Physik und Chemie, No. 2 


Reflection of electrical rays.—W. Uittort has maintained 
that the rectilinear electrical rays proceeding from the kathode in a 
Geissler tube end when they infringe upon an immovable wall or bar- 
rier and are not reflected. E. Goldstein describes what he thinks 
is an Experimentum Crucis, and concludes that a bundle of 
kathode rays do not end but can excite phosphorescence by 
reflection from a solid partition or wall. Every surface in suit- 
able condition can serve as a reflector—it matters not whether it 
is a phosphorescence exciter, an insulator, or a conductor. The 
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reflected rays cal excite phosphorescence and are acted upon by 
amagnet like the original kathode rays.— dun. der Physik und 
Chemie, No. 2. 1882. pp. 246-254. J. 

12. Influence of mechanical hardening the magnetic 
properties of steel and iron.—Many investigations upon the rela- 
tion between the molecular conditions of iron and steel produced 
by heat, by torsion and by annealing processes, and the resulting 
changes in magnetic conditions have been made. It appears 
from the paper of Louis M. Cheesman that the effeet of mechan- 
ical hardening has not been properly investigated, and this paper 
contains the results of his Investigation upon this point. The 
method of research consisted simply in determining the magnetic 
moment of the magnetic bar after it had been subjected to well 
devised mechanical pressures. The result of his investigations is 
summed up as follows: Tron in a mechanically hard condition 
can receive more permanent maguetism than in a soft condition 
The magnetic moment of a steel magnet in a mechanically hard 
condition is greater or smaller than in a soft condition, according 
as the ratio of its diameter to its length is less or greater than : 
certain limit.—Ayn. der Physik und Chemie, No. 2, 1882, pp. 
204-225, 

13. Storage of Electricity.—A commission consisting of Min. 
Allard, L. LeBlanc, Joubert, Potier and Tresea, experimented 
upon Faure’s battery in Paris, January, 1882. The Faure bat- 
tery was composed of 35 elements, the lead plates of spiral form 
weighing each, with included liquid, 43-7004", The lead elec- 
trodes were covered with minium to the amount of LO per 
square meter. The liquid consisted of distilled water with the 
addition of one-tenth of its weight of pure sulphuric acid. The 
charging machine was of the Siemens type the armature having a 
resistance of 0°27 ohms, and the inductor 19°45 ohms. The eur- 
rent of discharge was passed through a series of Maxim’s inean- 
descent lamps. The authors state, in general, that they obtained 
the light of one carcel with an expenditure of 5:°80**" of electri- 
val work per second. They were also led to the conclusion that 
it is advantageous to charge the battery with the feeblest current 
possible and to prolong the duration of the charge. The results 
of the investigation are summed up as follows: The charge of the 
battery demanded a total mechanical work equivalent to 1558- 
horse power during 22" 45", or I-horse power during 35" 26" 
The battery received in reality only 0°66 of this work, the rest 
having been dissipated in the work of excitation. 

The exterior electrical work during the entire duration of the 
discharge amounted to 3809000%*"; the mechanical work con- 
sumed was 9570000°°", but of this amount furnished only 
63820005" was retained by the battery. Hence the amount re- 
covered during the discharge was 0°40 of the total work, and 0°60 
of the stored-up work. The employment therefore of the accum- 
ulator has cost 0°40 of the work furnished by the dy namo-electric 
machine whieh might have been utilized in other ways. The 
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advantages of having a reservoir of electricity, however, compen- 
sates for this loss of cenergy.— Comptes Readus, March 6, 1882, 
pp. 600-604, J. 

14. Storage of Electricity.—Protessor Ayrtou, F.R.S., delivered 
a lecture on the storage of energy at the London Institution, 
March 2,in which he maintains, allowing for the unnecessary 
waste due to the too hurried charging and too hurried discharg- 
ing of a Faure accumulator, “‘that tor a million foot-pounds of 
stored energy discharged with a mean current of 17 ampéres, the 
loss in charging and discharging combined need not exceed 18 
per cent,” and in some cases he has found it not to exceed 10 per 
cent. He has found from experiment that 81 pounds of lead and 
red lead charged and discharged, the discharge lasting eighteen 
hours—six hours on three successive days—represented in its 
discharge 1,440,000 foot pounds of work, or 1-horse power for 
three-quarters of an hour. 

The resuscitating power of the Faure accumulator was wonder- 
ful. After the eighteen hours of discharge just referred to it was 
found after a few hours of insulation that the accumulator could 
give a current of over 50 ampéres, The phenomenon resembles 
the invigorating action of sleep.— Nature, March 23, 1882. 4. 7. 

15. Velocity of Sound in Wood; by Dr. H. Kayser. (Com- 
municated).—In this Journal for February, 1879, Dr. Magnus C., 
Ihlseng has published a method of determining the velocity of 
sound in wood. [| take this opportunity of making some remarks 
in regard to it, although at a somewhat late date. Mr. Ihlseng 
defines the velocity of sound in wood in two ways: in the first, 
the rod of wood is fixed in the middle, one end is rubbed and the 
other end marks its vibrations on a blackened glass plate; by 
this means are found the number of vibrations ~, and half the 


wave length in wood, —, equal to the length of the rod; then the 


velocity is vnvA. The number of vibrations can also be found 
by Kundt’s method, the end of the rod causing the air in a tube 


to vibrate; i : designates half the wave length of air in the 


tube, @ the velocity of sound in the tube, then n=, and = there- 
: an 
fore 

Mr. Ihlseng obtained in every case greater velocities by the 
second method than by the first, and was unable to find the 
reason for the difference. I think the explanation is easily given, 
and it is this which induces me to send this note. Unfortunately 
Mr. Ihlseng gives the results of his researches so very incom- 
pletely, that I cannot be sure that my supposition is right; but 
trom the words of the author, [ must presume, that calculating 
hy the second method, he has taken for @ the velocity of sound 


in free air. that is to say about 332°5——. This would be allowa- 
sec. 
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ble only if his tube were x wide, or the pitch x high. If this 
is not the case there is a diminution of the velocity by friction 
and by conduction of heat, which diminution is to be calculated 
according to Kirehhott? by the equation 


where w means the velocity in free air, a the velocity in the tube, 
n the pitch of the tune, 27 the diameter of the tube, and y a con- 
stant. This equation I have veritiedt by experiments and have 
determined the constant y to be for glass tubes 


=0°0235— 
sec, 
On a later occasion{ this number was again confirmed. 

We shall see what numbers would have been obtained by Mr. 
Ihlseng with the second method, had he kept in view this equa- 
tion. He indicates the diameter to be 27—=0°019m; the pitch » can 
be calculated nearly by his Table IV. [I find by it numbers lying 
between 1000 and 2000; taking as average 1500 vibrations, we 
tind 

and a—326'5m. 
Mr. thlseng having, therefore, calculated the velocity of wood 
by means of the dust figures by += i, the right equation 
A 


would have been »=826* 


It follows, that for the mean velocity of 4000— in wood, the 


C. 


number calculated by Kundt’s method is too great by 73%. The 
mean difference between the numbers found by the two methods, 
according to Mr. Ihlseng is 617,—surely a sufficient agreement, 
considering that the probable error of his determination reaches 


19m. 

Finally I remark, that according to my experiments on glass 
tubes, the graphic method is quite unfit for precise determinations, 
because, as Mr. Ihlseng also finds, the rod vibrates not only lon- 
gitudinally, but at the same time transversely, and therefore the 
number of vibrations can be determined only very inexactly by 
the curves. 

Berlin Physical. Institut.. March, 1882. 

16. The Chemistry of Cooking and Cleaning, a Manual for 
Housekeepers ; by Rictarps. 90 pp. 12mo. Boston, 
1882 (Estes and Lauriat).—The practical applications of chemical 
principles to some of the familiar processes of every-day household 
life have never been better presented than in this little book by 
Mrs. Richards. Clear and concise in style, and happy in its illus- 


* Kirchhoff. Pogg. Ann., exxxvii, p. 177 Kavser, Wied, Ann... ii, 218 
+ Kayser, Wied. Ann., viii. p. 444 
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trations, it is a successful combination of good science with 
sound practical advice. It is to be hoped that the day is not far 
distant when every housekeeper will have the knowledge to un- 
derstand these principles and the wisdom to apply them in all the 
homely operations which she has to direct or perform, This little 
book cannot fail to do good service in bringing about this de- 
sired end. 


Il. NatrurRAL History. 


|. Bulletin of the Illinois State Musewmn of Natural History 
(at Springfield, [l.). No. 1. Feb., 1882. 44 pp. Printed 
for the Museum, 1882.—This first Bulletin of the Illinois State 
Museum contains three articles, (1) Descriptions of 54 new species 
from the Lower Carboniferous limestones and Coal Measures of 
Illinois and Lowa, and (2) Corrections and proposed new names 
for species previously described in the Geological Survey of 
Illinois under names that were preoccupied, and Descriptions of 
two new species of fossil shells from the Coal Measures of Illinois 
and Kansas, by A. Hl. Worrnen, State Geologist, and (3) 
Descriptions of two new species of Crinoids from the Chester 
limestone and Coal Measures of Illinois, by CuarLes WacusmuTu. 
Mr. Worthen announces that all the new species described by 
him will be fully illustrated in the Seventh volume of the Geologi- 
cal Survey of Illinois, now in course of preparation. A large part 
of them are represented by specimens of unusual perfection partly 
in the State Collection, but largely in that of Mr. L. A. Cox, of 
Keokuk, Iowa. The changes of names of species in the published 
volume of the Illinois Geological Survey, given in the second 
paper by Mr. Worthen are the following: Platyostoma Gray- 
villensis in place of P. tumida, vol. ii; Modiolopsis rectiformiis 
for M. orthonota, vol. iti; Mod. Carrollensis for M. subnasuta, 
vol. iit; Platyceras subsinuosa for Pl. subundatiin, vol. iti; Pleu- 
rotomaria coniformis for Pl. econoideus, vol. Orthoceras Ran- 
Jolphensis for O. annutlo-eostatum, vol. vi. A, Lithophaga, in 
vol. iil, p. 536, is here named L. Jiinotensis. 

2. Glacial-era Climate. —M. Wortkor, ina paper on Gletscher 
und Eiszeiten in ihrem Verhiiltnisse zum Klima,” rejects the idea 
that an epoch of maximum eccentricity with aphelion in the win- 
ter would be favorable for a glacial era. He observes that in the 
interior of Asia, for example, the greater cold in winter would not 
favor a large accumulation of snow, while the excessive heat of 
the summer would produce the melting of the snows to a greater 
height than now. In the region of the monsoons, the cold and 
(ry monsoons of the winter would have greater force than at 
present and be less snow-producing ; while the great heat of sum- 
mer would produce increased rains and melting to a higher level. 
The surface of the ocean would not be of a lower temperature 
than now, and hence there would be no increased fall of snow 
over the lands adjoining. The effects from maximum eccentricity 
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and the earth in aphelion would in any case be slight, and rather 
unfavorable than favorable to the production of a ‘glacial era, 

3. Post-Glacial Flood.—An article by H. H. Howorru, on the 
“Great Post-Glacial Flood,” attributing to it the formation of the 
léss besides other deposits, is contained in the Geological Maga- 
zine, numbers for January and February, 1882. 

4. Quiney Syenite— Mr. M. E. W Apswor TH, in the Proceed- 
ings of the Boston Soe iety of Natural History, vol. xxi, Oct. 19, 
1881, describes the junetion of the Paradoxides slate of Quincy 
with the syenite of the region, and concludes that the latter is 
eruptive and therefore of subsequent age to the slate—* late 
Primordial or more recent.”” The syenite is stated to be at the 
junction a “ spherulitic quartz porphyry.” 

An old chapter of the Geological Record, with a new in- 
terpretation: or Rock-metamorphism and its resultant imita- 
tions of organ isms ; with an introduction giving an Annotated 
History of the controversy on the so-called “ Eozoon Cana- 
dense ;” by Professor W. Kine and T. H. Rowney. 142 pp. 
8vo, with 8 colored plates, London, 1881. (John Van Voorst.) 
—The authors have here given a catalogue of all papers on 
the Eozoon with critical notes, and a full statement of their 
own views on the subject of a branch of metamorphism with 
which the origin of the supposed fossil is associated. 

6. Species of Eurypterus and Pterygotus Jrom the Water-linu 
group near Buffalo.--My. Poutman describes and figures 
the following as new species of these genera in the Bull. Buffalo 
Soc. Nat. Sci., vol. iv, No. 2, 1882: Kurypterus giganteus, Ptery- 
gotus globicaudatus, Pt. acuticaudatus, Pt. quadricaudatus, Pt. 
Buffaloensis. 

7. Chatauqua Scientific Diagrams, Series No. 1. Geology: 
and First Lessons in Geology; by A. 3. Packarp, Jr. 128 pp. 
8vo, to accompany the diagrams. Providence, R. L., 1882 (Provi- 
dence Lithograph Co.)—The geological diagrams, ten in number, 
are very large lithographic pl: ites, coarse in style of execution, for 
use in the illustration of lectures or first lessons in geology. They 
contain restorations of some of the species of the sever ral geologi- 
cal ages, and illustrations also of scenery and volcanic and glacial 
phenomena. They might be much better. Professor Packard’s 
work treats briefly and ina popular way of the topics illustrated, 
the action of water and heat, and the succession of life on the 
globe, with special reference to North America. 

8. Tables for the Determination, Description and Classifica- 
tion of Minerals ; by James C, Foye, 85 pp. 12mo. Chicago, 
1882 (Jansen, McClurg & Co.).—A second edition of Professor 
Foye’s useful tables for the determination of minerals has been 
recently published ; it contains some additional tables which will 
increase its value. 

9. On the Female Flowers of the Conifere.— Under this head- 
ing Professor Ercuier of Berlin gives his latest views about this 
important subject in the Monatsberichte der K. Acad, der Wiss.. 
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Berlin, 1881. He takes it for granted that the morphologists of the 
present day are agreed that the male flowers are the aggregate of 
stamens which were formerly (and still by Parlatore in DeC, Pro- 
dromus) considered an ament, i. €. an inflorescence. He now tries 
to prove that what we call the female ament is perfectly con- 
formed and corresponding in every respect to the male flower in 
position as well as in structure, and thus is also a single flower 
and not an inflorescence. 

The simplicity of such an arrangement, the uniformity in the 
structure of the male and female organs thus established, are 
certainly seductive, and in the author’s opinion the difficulties 
in his way are readily enough removed. The principal difficulty 
is found in the presence of two foliaceous organs in the female 
flower, one, now called the ovule-bearing or carpellary scale, 
inside of another, the bract, while the male flower consists of a 
number of simple pollen-bearing bracts (the stamens) arranged 
around the axis. Now, according to Professor Eichler’s view, 
the carpellary seale is not a distinct organ, but really only 
an appendage, a ventral execrescence, a ligule, if it may be 
called so, of a leaf (the bract), born from it and belonging 
to it; he therefore recognizes only one organ, the bract, and 
the so-called carpellary scale as its appendage—a view already 
indicated by Sachs. He reviews and controverts the views of pre- 
ceding morphologists. Robert Browu declared the carpellary seale 
to be a leaf in the axil of the bract; but this is a morphological 
impossibility. Schleiden and Strasburger took it for a flattened 
axis; but the arrangement of the bundles of vessels makes that 
untenable. Van Tieghem thought it was a leaf median on an 
undeveloped axillary bud, but Coniferse never do produce such 
median leaves. A. Braun, and after him Caspary, were the first to 
recognize in the scale a compound organ, consisting of two lateral 
leaves of such an undeveloped bud, connate on their lower side; 
Ocrsted, and more decidedly Mohl, showed that these two leaves 
were connate with their posterior edges, turning their backs 
toward the main axis, and Mohl happily compared the scale thus 
constituted with the double leaf of Sciadopitys; this, however. 
seems impossible to Professor Eichler, because nothing is seen of 
such an assumed undeveloped axillary bud, and because the dis- 
tribution of the vessels in the seale does not indicate a double 
origin, as it does distinctly in the Sciadopitys leaf. 

Professor Eichler insists that the carpellary scale of Conifers, 
though often apparently separated from the bract, is really not a 
distinct organ, but, as stated above, a ligular appendage of the 
upper face of the bract. He shows that in such appendages the 
vascular bundles are always arranged in a system opposite to that 
of the leaf from which they originate; if they spring from the 
upper side of the leaf, this upper side is turned toward the upper 
side of the leaf, and if they come from the dorsal side, their dor- 
sal side is turned toward the back of the leaf, and in either case 
the arrangement of the vascular elements is reversed, In every 
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leaf the xylem (wood-cells) occupies the wpper or ventral side of 
the vascular bundle, and the phloém (formerly bast or soft bast- 
cells) lies below it or toward the dorsal side of the leaf. This is 
so in the coniferous leaf as in all others, and in the bract, while 
the ligule or carpellary scale shows the arrangement reversed, a 
well established fact. This carpellary scale wherever it exists 
(principally in Abietinew) bears on its back one or several ovules. 
In Araucaria it is a small process, of ligular form, trom the mid- 
dle of the leaf-bract, with one ovule; in Cunninghamia it is a nar- 
row transverse crest with three ovules; in Cryptomeria it is a 
jagged crest, at last much larger than the bract itself; but in 
Damara no trace of an appendage can be found. The same is the 
case with most Taxodines, where only a certain thickening of the 
bract is noticeable. but in Abietinexe we see two apparently dis- 
tinet organs; examining them, however, more closely, we find 
them alw: ays cohering at base, and where they at m: iturity sepa 
rate from the axis as in Abie: and Cedrus, the y fall off together, 
as they should do, where one is only an appe md: age of the other. 
In ¢ Cupressine: zw no earpel-bearing ap pends ige at all is observed, 
and the ovules are as nearly axill: ary as possible, or, where there 
are many, they seem to spring partly from the base of the bract 
and partly from the axis itself; but the thickened upper side of 
the scale shows also a reversed arrangement of the vessels, ‘as it 
can not be otherwise, where the leaf is so thickened on the inner 
side that at last it even becomes peltate.” The other Coniferx 
follow the same rule, the ovules stand in the axil of the bract: 
but in Taxinew they are terminal products, surrounded by the 
uppermost leaves or bracts. 

The proliferation sometimes observed in the female flowers of 
Abietinex has been thought to furnish proof for the axillary nature 
and distinctness of the carpel; but Professor Eichler is satisfied 
that the abnormally developed branchlet is not the development 
of a supposed carpellary axis, but a really new axillary production 
of the bract therefore between the carpellavy appendage and the 
main axis, and that the division of the carpel into two pieces, 
often noticed in such monstrosities, is produced by pressure only. 

Eichler then compares the ovule of the ¢ ‘onifere to the spo- 
rangium of allied vascular ¢ ryptogams, and finds in [soetes the 
sporangium on the base of the leaf where also a ligula is present, 
in Lycopodium in the axils, and in Psilotum at the end of branch- 
lets. The essential character of gymnospermy, however, he finds 
not as much in the open carpel, w hich also occurs in some higher 
organized plants, as in the absence of a stigma and in tie 
immediate action of the pollen on the ovule. 

In a second paper, “ Veber Bildunysabweichungen bei Fichten- 
zapfen” (Sitzungsb. d. K. Ac. Wiss., Berlin, 1882), Professor 
Eichler gives us a careful analysis of monstrosities observed on 
the Norway Spruce, and of one on the Himalaya Hemlock, and 
tries to show how former interpreters had inisunderstood their 
teaching, and how these examples fully confirm his own views, 
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expressed in the foregoing paper. Tle has procured the very 
specimens which Stenzel, Willkomm, Oersted and Parlatore had 
examined, analyzed them with great care, and gives figures and 
sections of the principal forms found, He demonstrates that the 
so-called fruit scale in those monstrous cones is not divided into 
two lateral leaves, but becomes irregularly toothed, folded or 
lobed, sometimes simulating two or more leaves, and fin: lly devel- 
opes a knob and at last a ‘bud. which may and does sometimes 
grow out into a branch, always on the inside of and adnate to the 
metamorphosed scale, 1. e. on the side towards the axis of the cone, 
often enveloped by its folds, but never between it and the bract, 
which ought to be the case if the uow prevailing view of the 
nature of the seale (as formed by two lateral leaves connate on 
their axial side) were true. 

Unfortunately he has not had occasion to examine such mon- 
strosities where these two leaves are foliaceous, partly or entirely 
distinet, originating not from the base but from the very axil of 
the bract, and not divided by any possible pressure, such as occur 
at the base, not at the top, of proliferous cones of Tsuga Canaden- 
sia, Ip such cones the transformation progresses from a pair ot 
separate leaves in the axil of a leaf-like bract to the partly united, 
then to the small and notched scale, at last to the large ovuliferous 
seale in the axil of a small retuse bract. 

It may be stated in passing, that the first lateral bracts at the 
base of a shoot, in pines at least, are of inclined outward or 
toward the supporting bract, but rather decidedly inward, toward 
the axis, and are overlapping on the inner and upper side of the 
shoot, leaf-bundle, or flower. 

Professor Eichler has given us a very valuable contribution 
towards the solution of the interesting question he treats of; but 
he has not yet settled it, and it will continue to tax the ingenuity 
of morphologists. Gi. ENGELMANN, 

10. Domestication of Wild Ducks. (Bulletin of the Buffalo 
Society of Natural Sciences, vol. iv, No. 2 -)—In au paper “on 
the domestication of some of our W ild Ducks,” Mr. Charles Lin- 
den, the author, states after rcp to domesticate several of the 
species, capturing them young or raising them from eggs, that 
none of those transferred to » barn- yard “adapted themselves 
thoroughly to this state excepting the “Mallard, Dusky Duck and 
Canada Goose, the progeny of which prospered well and attained 
a greater W eight and size than the ordinary domesticated stock. 
Some of them are still living and betray in many instances a ten- 
deney to revert in point of plumage to their original condition, 
while the majority have become completely metamorphosed into 
ordinary barn- yard fowl. No hybrids from any two different 
wild species, which bred only within the enclosure, were ever 
obtained excepting from crosses between the Mallard and Dusky 
Duck.” The crossing was readily accomplished “without any 
need of resorting to special inducements.” He says, “ it is evi- 
dent that the Dusky Duck is fully as domesticable as the Mallard 
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which has been thus far supposed to be the originator of our com- 
mon tamed ducks.” 

Conchologische VWitthe ads Forts den Novi 
tates Conchologicw, herausgege hen Dr. E, you Martivs, Pro 
fessor in Berlin. Band [104 pp. Svo, with 18 colored plates. 
Kassel, Germany, 1881. (Theodor Fischer. )—The plates illustrate 
species ith their varieties) of the genera Nanina, Heli«c, Bulini 
Ph npotomaria, Pk Pupa, The licarion. 
Tornate Hina, and Partula. 
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First Annual Report of the Bureau of Lthnology, to the 
Secretary of the Smithsonian [Institution 1879-80; by J. W. 
Powe .., Director. 604 pp. Roy. &vo, with many plates and 
wood-cut illustrations, Washington, 1851.—After a prefatory 
statement, by the Director, of the work now in progress, under the 
auspices of the Ethnological Bureau, by a number of special inves- 
tigators, this volume presents a series of very valuable papers 
pertaining chiefly to the North American Indians. The subjects 
of Mr. Powell’s own reports are (1) the Evolution of language, (2) 
sketch of the Mythology of the North American Indians, (3) Wv- 
andot government, (4) on Limitations to the use of some anthropo- 
logic data. These are followed by other reports as follows: a 
further contribution to the study of the Mortuary customs of the 
North American Indians, by H. C. Yarrow; Studies in Central 
American Picture writing, by E. 8. Houtpen ; Cessions of land by 
Indian tribes to the United States, by C. C. Royce; Sign language 
among North American Indians, by Col. Garrick MaALurry ; 
Catalogue of linguistic manuscripts in the library of the Bureau 
of Ethnology, by J. C. Piriive; Hlustrations of the method of 
recording Indian languages, from the MSS. of J. O. Dorsey, A. 
S. Gatscuer and S. R. Riaes. The numerous illustrations of the 
volume are highly instructive as to Indian rites, modes of life, 
hyeroglyphics, and sign language, and other topics discussed, 

OBITUARY. 

CuarLes Rovert Darwin, whose Origin of Species” caused 
a change in the world’s thought almost as abrupt as a turn 
in the tide, and whose later works have successively led the way 
into new fields of research, died on Wednesday, the 19th of 
April. Darwin was born on the 12th of February, 1809. 

E. Desor, of Neufchatel, Switzerland, died early in Mareh. Mr. 
Desor was with Agassiz in his investigations of the Alpine gla 
ciers, and later published an independent volume on the subject. 
He was the author also of various geological and paleontological 
memoirs. [His property he bequeathed to the city of Neufchatel 
for scientific purposes. 

Bulletin of the Museum of Comparative Zoology at Harvard College. Vol. IN 
No. 1. ‘Description Sommaire des espéces nouvelles d’Astéries,” by Edmond 
Perrier, Prof. Jardin des Plantes de Paris: being one of the Reports of the 
results of dredging under the supervision of Alexander Agassiz, in the Gulf of 
Mexico, 1877-78, by the United States Coast Survey Steamer “Blake.” 32 pp 
8vo. Cambridge, 1881. 
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